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TWELFTH EDITION. 

T HLS book is the lineal descendant of " Fream’s F^lements of 
Agriculture.” which was first edited and for the most part 
written by the late Dr. Wm. Fream at the request of the 
Royal Agricultural Society of England. In this form it ran 
through seven editions. 

The eighth edition, edited by Professor J. R. Ainsworth- Davis 
in July, 1911, and three subsequent editions, being exhausted. th<' 
R.A.8.E. entrusted the preparation of a twelfth edition to the 
staff of the Cambridge School of Agriculture. 

After much consideration it was decided that so great a chang(^ 
had taken jdace in agricultural .science and in the outlook of 
agriculturists on that subject that the whole scheme of tln^ () 0 ('k 
should be revised and the book substantially re-written, 'riie 
scheme adopted was to allo(.‘ate each subject to the approyiriate 
member of the staff’ with the instructions that he should include' in 
his section or sections those aspects of his subject which, in Ins 
judgment, an* nec(‘s.sary for tin* instruction of readers, including !n 
the first place students at agricultural colleges and schools, and in 
th(‘ second place farmers who wash to gain an all-round general 
knowledge of agricultural sci(‘nce. 

Each writer has attimipted (i) to ex])OuiKl his section in the form 
f)f a readable story, giving references to more advanced hooks from 
which the reader can fill in the detail of any parts of the w'ork in 
which he wkshi's to sjH^eialize, (ii) to give cross refercn(*es to other 
sections of the book, so as to make the various parts hang togidhcr, 
and (iii) to show the bearing, in the case of the more scjientiffc 
sections, on agricultural practice. 

The whole of the MS. has been revised and correlated by tic* 
writers in committee, and finally edit(‘d by Professor Sir Rowland 
Biffen, who took over this task on the death of Jdofessor T. B Wood. 
The R.A.S.E. is deeply indelited to Sir Rowland Biffen and t-o all 
those members of the (Cambridge School of Agriculture who h;n r 
assisted him, viz. : — A. Anio‘< M.A.. R. H. Biffiui, M.A. 1*M\.S.. 
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EXTRACTS FROM THE PREFACE TO THE 
FIRST EDITION. 

The preparation of this Text-Book was undertaken by the Royal 
Agricultural Society of England, in compliance witlx the many 
demands that had b(‘en addressed to it for an elementary work on 
Agriculture adapted for use in rural and other schools and classes. 

The general scheme of the work was settled by a Sub -Committee 
appoint(‘d by the Council of the Society, and consisting of Lord 
iVIoieton (Chairman), Major (Vaigie, Mr. C. De L. Faunce De Laune. 
Mr. 1). Pidgeon, Mr. Martin J. Sutt(>n. and Mr. Charles Whitehead. 

Idle Sub-Committee placed the ])reparation of the Text-Book in 
tli(‘ capable hands of Dr. W. Fream, to whose skill and knowledge of 
th(' subj(‘ct any success whidi the work may attain will be chielly 
due. 

dlie Sub-('ommittee desin^ also to lecord their grateful acknow- 
ledgments, for valuable suggestions and revision of the proof-sheets, 
i(^ Sir John Lawcs, ICart ., Sir John Thorold, Bart.. Sir Jacob Wilson. 
.Mr. Alfred Ashworth, Mr. 'Jdiomas Bell, Mr. J. Bowtm-Joiu's, 
Mr, Chandos Pole-(Jcll, Dr. J. H. Gilbert. Miss E. A. OrmenHl. 
Mr !> Pidgeon, Mr. Clare Sewell Read, and Dr. Voehher. 
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CHAI>TKR I. 

THK FORMATION. DISTRIBUTION, CLASSIFICA riON ANT) 
PROPKRTIFS OP SOILS. 

To the farmer, the soil is both a site for his “ factory ” and an im- 
portant part of his raw materials. Most of the varied systems of 
farming aim at converting this raw material into saleable com- 
modities. These may be either vegetable or animal foodstuffs. 
The investigation of the problems of the soil and of plant growth 
has, since earliest times, attracted the attention of scientists, so 
that to-day we possess a great accumulation of experimental data, 
derived both from field trials and laboratory experiments, bearing 
on the subject from all possible angles. The number of workers 
engaged upon the subject is nowadays very large, as is also that of 
the educationists who pass on the results of their labours to the 
practical man. Each year sees new additions to our knowledge, so 
that the phenomena of soils and their connection with the growth 
of the herbage upon them now constitute a science hi itself. 

The history of soil science until fairly recent years, and especially 
in this country, has been largely a record of attacks on the problems 
comiected with the soil by practitioners of various established 
sciences such as chemistry, physics, geology, zoology and bacteri- 
ology ; all of which have made their contributions to knowledge in 
this subject and liave enabled notable advances to be made. Of 
late years, and particularly as a result of the lead given by Russian 
soil scientists, the subject has tended to develop as a special branch 
of knowledge, now dignified in some (piarters by the name 
Pedology. 

Geological and Soil Maps. — These workers have devoted much 
time and energy to the classification of soils, and soil maps of 
various parts of the world have been jiroduced. From the soil 
map of Europe the lay observer would generally glean two im- 
pressions. The first is the seqiuuice of soil belts running across 
Russia from the south-west to the north-east , coinciding with areas 
over which uniform climatic conditions obtain. The second is that 
on this map the British Isles are credited with only thrtie tyjies of 
soil, a stat(>! of affairs which would ap])ear to be al)surd to local 
observers and would leav(> them curious as to the basis of classifica- 
tion. A moment's thought, however, shows that this particular 
deliiu'ation may be justified ; and, indeed, the main dividing lino is 
seen to separate the country into the comparatively humid north 
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and west on the one hand, as against the drier south and east on 
the other. But when consideration is given to matters such as the 
colour of the soils, their texture and their chemical composition, it 
becomes apparent that for practical purposes a much more detailed 
map of the soils of these islands is both desirable and possible. In 
point of fact, the Drift Map of the Geological Survey is at present 
the most useful for this purpose, and especially in the south and 
(>ast it delineates the surface of the country from a soil point of 
view very effectively. It can, therefore, be concluded that to a 
certain extent there is a coimection between the geology of any 
ar(‘a and the properties of its soils. This is nearly always the case 
frcni the local and practical point of view^ It is when one is study- 
ing the soils of the w^orld as a whole that the considerations on which 
the soil map of a continent is based become apparent, a»8sume their 
real importance, and show a systematic arrangement. It is not 
then so surprising that the processes w^hich culminate in the develop- 
ment of a particular type of soil have, in some countries, gone on so 
long as to produce a definite uniform soil covering over several 
different geological formations. Nor is it so surprising to find that 
the main types of soil and their sequence across the country, as they 
occur in Russia, have th(‘ir counterparts both individually and in 
the same general se({uence in other large continental areas, as, for 
instance, in North America. 

But in the eom])arativ(^ly small area of the British Isles, the 
geological factor, with its variations, probably produces the greatest 
iii\t'rsit ies in soil types. The (Geological Survey publishes twa) 
typos of maps, one which is known as the Solid Rdition, rnajqnng 
the make-up of the earth’s crust as it would appear if subjected to 
a, ])roef\ss of cleaning-up on th(^ large scale, i.e., if ail soil and surface 
F [)osits were removt^d, and a second described as the Drift Edition, 
will maps th(‘ surface as it, exists, ineluding^ all surfaci^ dejiosits. 

U tic- Solid and l>rifl. sheets for any loc.ality 1 k‘ compared, the 
H]gniticaiiC(- of the two will b(^ tjctter seen, it may l^c as is 
freuueiii jy the caste that the former will show- a large and varied 
sutct ssiou t){ strata wliieh in the {att,er are mostly covered by a 
surhi'-r (<iy>.T of gra\<‘l t)r boulder clay. Or it may happen, 

a.s in sceno ait-as of t}u‘ southeastern parts of the country, that there 
js not so niii<‘h dithTeiua* between tlio two ma})s, except for limited 
areas of superincumbent giavel, clay or alluvium. Wliichev(-r is 
tin- c<is(e it can be seen that tlic, Solid Iklition is of greater mtorest 
in mui’iig or wa^ll-boring op(‘rations, whih* the- Drift is the 

cuic mon- likely to be of us(‘ to tht- agriculturist. hhes< mafis are 
publislied on scales of ] in. and 1 in. to the mile, in colours, for a 
considerabli- jirojiortioii of the eountry. 'Dicre also exist similar 
maps on a si-ale of ti in. to th(^ mih- in the rc-cords of tlie (Geological 
Surv(-y, where they may be i-xamiiuHi. On some sheets a certain 
amount of information about tin- soil has bf^en inserted. The work 
of the survey goes on continiiorisly, and probalily the Drift Maps 
will become more and more useful agriculturally. For estates and 
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argo farniB a copy of the drift map of the locality is a useful 
: Of raapB whoso pnrf>OBo is tho portrayal of soil con- 

i It, ions, thf^ro aro unfortunately very few available. There exmt.s 
on the 1-iu. scale, published by the Geological Survey 
I No. 22 Sh^t, of the area around Kilmarnock) which maps the soil 
texture. This, with the corresponding Drift and Solid Editiona, 
serves to show to a certain extent tho connection between geological 
and soil conditions and the limitations of geological maps, especially 
Solid, when applied to soil work. Work on soil surveying has, 
however, been carried on in this country for a long period of years. 
It has largely been in the hands of educational institutions and has 
resulted in a number of useful reports on the soils and agricidture 
of limited areas, generally on a county basis. Thus there is in the 
possession of almost every agricultural college, department or 
atlvisory centre, a useful mass of information about the soils of the 
locality whose needs it endeavours to meet. In some few cases, 
more detailed surveys, on a field to field basis, are in progress. This 
type of work is being steadily developed and will ultimately result 
in soil maps of great utility to the agricultural industry. That the 
task of mapping soils is not so easy as at first sight it might appear, 
can be realized when the numerous respects in which soils vary are 
borne in mind. To map on a texture basis is fairly straightforward, 
but there aro other characteristics of great economic importance 
which must be taken into consideration, such as conditions of 
drainage, reaction or lime status, amount of humus, amount of 
reserve mineral plant- nutrients, depth of soil, and nature of subsoil, 
so that it will readily be admitted that to give adequate expression 
to all these points by means of a map necessitates some system of 
classification for soils. 

Connection between Geology and Soils. — To return to the 
geological basis of soil formation, there are several easily observed 
phenomena which demonstrate this. Almost any quarry face will 
show on inspection a gradual transition between tho original solid 
rock and tho surface soil, such as depicted in Fig. 1. As the eye 
travels upwards it will be noticed that cracks and fissures appear 
and grow more definite until separate masses of rock appear. These 
become smaller, the joints more numerous and more open. Soil 
appears between tho rock fragments, the general appt^arance is 
more brashy, and, at a still higher level, the predominant con- 
stituent of the mass is obviously soil, and fijially the top few inches 
becomes generally darker in colour and is found to contain the root 
systems of the herbage growing on the surface. Throughout the 
transition the parent rock and its more obvious characteristics can 
be readily traced. A section of the earth’s surface, such as above 
described, is termeil a “ Soil Profile,” and it is by studying the 
varying profiles of the soil and the factors which govern their 
development, that many of our present-day soil s(uentists are 
endeavouring to systematize our knowledge of the soils of definite 
regions and of the world as a whole. 
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b'jo. i. -Diagram illustrating tho formation of a soflf'ntary soil on tho OolitF' 

limestone of tlie Ootswold Hills, ( Jloneestershire. 

Composition of Rocks and Minerals. — It is obvious that the 
parent material of most soils must be the rocks, so that it is logical 
to study tliese first. Examination of a collection of rocks from 
different localities enables them to be sorted roughly into throe 
main groups — Igneous, Sedimentary and Metamorphic. Their 
main featiires (‘an best be seen by comy>aring the surfaces of a 
freshly broken pie(*e of granite and of a })ieee of a oonglomerate 
such as llertfordslnre ymdding stone. (An example of a (jon- 
gjoinerat-e jaoduced by artificial means is j)rovidcd by a piece of 
concrete.) The former is seen to consist of large whit/e or pink 
crystals, together with much smaller dark or black crystals firmly 
set in an irregular mass of whitish crystalline material. As more 
and more examples are studied it is seen that these three distinct 
(jonstituerits, together with others, occur over a wide range of rocks. 
Each has its own particular colour, crystalline form and chemical 
composition. In fact, they are definite (rhemical compounds, and 
tlie three occurring in granite are the minerals felspar, mica and 
quartz. Crystalline form is essentially characteristic of a definite 
chemical composition and ocemrs when a chemical compound 
separates out from a solution or from a molten mass. The rate at 
which cooling takes pilace decides the size of the crystals ; slow 
(tooling leading to large crystals and vice versa. Granite, then, is a 
solid mass of three distinct minerals formed by tbe cooling: of a 
molf en mass of material, and affoiding a good example of an igneous 
rock. Pudding stone, (^r concrete, on tli(‘ other hand, n‘ veals a 
diffeient struefure. Both are made up of pebbles of various sizes 
cemented together by material of much finer texture. In the case 
of a ])udding stone, examination shows that the nature of 

the component j)artick‘s, ajiart from size, shows (certain constant 
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features, of which the most notable is that all the particles are 
rounded, whether they be large or small. In the case of the larger, 
it can be seen that they are rock fragments in themselves, re- 
cemented together. The rounding of the surfaces indicates long 
continued rubbing together, such as would be undergone during 
transportation by running water. Thus it can be seen that a con- 
glomerate is made up from fragments of other rocks which have 
been transported from their original locality by water or other 
agency and subsequently recemented together by chemical action. 
Such a rock is an example of a sedimentary rock. The metamorphic 
rocks, as their name implies, appear to have been derived from the 
other types by the subsequent action of great pressure or heat, re- 
sulting in more or less marked changes in their chemical and physical 
characteristics. 

It is worth while to consider these three groups in a little more 
detail. The Igneous Rocks, as has been indicated, appear to have 
been formed by the cooling of original molten material and are 
characterized by complete crystallization. They are classified on 
their chemical composition and physical texture. The former will 
be seen to be of great importance when it is realized that the make- 
up of rocks in general includes silica and the oxides of aluminium, 
iron, calcium, magnesium, potassium, sodium, titanium, sulphur, 
carbon, and phosphorus, listed roughly in the order of their 
abundance in the earth’s crust. They occur in amounts which fall 
off rapidly in this order from silica at about 60 per cent., aluminium 
oxide 15 per cent., calcium oxide 5 per cent., potassium oxide 3 per 
cent., down to phosphorus oxide 2*5 per cent. Of these constituents, 
the most prominent, silica, and the least abundant the oxides of 
carbon, sulphur and phosphorus, are acid constituents, while the 
oxides of most of the metals are basic. Thus, on the basis of the 
amount of silica present, an igneous rock can he described as acidic, 
intermediate, basic or ultrabasic. The intermediate and basic 
sub-divisions can be further split into those whose bases are chiefly 
the oxides of potassium and sodium, when they are described as 
“ alkaline,” and those whose bases are chiefly the oxides of calcium, 
and magnesium, when they are described as “ subalkaline.” It 
will now be realized how the chemical composition of the rocks can 
influence that of the soils derived from them, especially as regards 
the important constituents of potash and lime. Coupled with this 
chemical basis of classification is the physical, based on characteristics 
determined by the conditions under which the rock solidified. Thus, 
rocks found at a great depth would cool and solidify very slowly, 
giving large crystals ; such are described as “ Plutonic.” Those 
formed as a result of the eruption of molten material and subse- 
quent rapid cooling on the earth’s surface have a very fine structure, 
which is either spongy and porous, or glassy. Such are the 
“ Volcanic Rocks,” of which lava and pumice are examples. To 
consider one or two examples in the light of the above classification : 
granite is a Plutonic acid rock, having a coarsely crystalline 
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structure of felspar, mica and quartz ; pumice is a Volcanic acid 
rock of similar com])osition but of very light microcrystalline 
structure ; basalt is a Volcanic basic ro<‘k, whose chief constituents 
are a felspar and compoujids of iron, magnesium and silicon ; 
serpentine is a IMutonic ultrabasic rock of obviously crystalline 
form, containing no felspar or quartz but large amounts of 
ferro- magnesian silicates and oxides of iron. 

The Sedimentary Rocks are almost all made up of fragments of 
older rocks and have been formed by various agencies. The largest 
group are those transported, sorted and laid down by physical 
agencies, such as wind, water or ice. Such are the conglomerates, 
already described, and sandstones, containing grains of quartz, 
felspar, etc., from igneous rocks, coloured by iron and cemented 
together in a new rock form. There are also the clays and- shales, 
deposited by rivers or wind in former seas, estuaries or lakes, and 
the sands and gravels. A less abundant but still important group is 
of organic origin and the most important members' of this are the 
chalks and certain limestones which are composed of accumulations 
of the shells of marine organisms of various sizes, still recognisable 
as to their structure. 

The Metamorphic Rocks are of less interest from the point of 
v^iew of soil work, but slate may be quoted as an example of a definite 
rock formed from shale by physical agencies acting on it subsequent 
to its original formation. 

The sequence of ev(*nts in the earth's history was probably as 
follows :--Presuniing it to have been formerly a molten mass at 
a liigh t<‘mj)(U’ature, the oldest nx'ks would be mostly of the igneous 
variety, Once a shell of such rnat/Crial had begun to form, local 
variations of U'mperature would provide the beginnings of a (dimate. 
Sea and land would be established, but from time to time gigantic 
earth mfjvements would bring about an entirfdy new geography of 
the earth’s surface with a new distribution of (lirnate. During 
every such era ])hysi(*al agencies would ’oe at work oii th(‘ t vyiosed 
r(K k face, w(‘ath(‘ring it, transporting it and laying it down (dse- 
where to form new rock masses. It is on some such line of thought 
that the ])resent constitution of the earth’s crust can best be under- 
stood . 

If a bore hole is sunk in the neighbourhood of London it fiasses 
successively through the rocks in the order (jf their age or forma- 
tion, fieginning with the youngest, t.e., the most recently fornuxi. 
Moreover, if the surface of the land is examined along a lii*e starting 
from this bore hole and proceeding in a north-westerly direction, 
the same rocks are encountered outcropping 8uccesi>ively in the 
same order so that it becomes apparent that the strata of the 
rocks are inclined from the north-west to the south-east. Except 
then, where the outcrops are masked by a layer of the most recent 
geological formations, such as the various drifts (Alluvium, Gravels, 
Boulder Clay), the soil is the result of the weathering of the 
geological outcrops. 
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Effects of Weathering. — The process of weathering is the 
result partly of the operation of physical forces and partly of 
chemical action on the original rocks. Variations in temperature 
produce expansion and contraction of the rock materials, and as 
these do not all behave alike in this respect, stresses are set up in 
the material as a whole and shattering ensues. Water enters the 
joints and cracks in the rock mass, and if freezing occurs, the re- 
sultant expansion is comparatively large and an enormous dis- 
ruptive force is developed, with the result that the rock is more 
widely split. Running water or glaciers carry pebbles and boulders 
with them, grinding them together and against the surface over 
which they move, thus carrying the process of disintegration still 
further. Finally, small particles carried along the surface under 
dry conditions by the wind, also cause and themselves undergo a 
further powdering action. All these actions have their effect simply 
on the size and shape of the fragments produced, the disruptive 
forces resulting in rough jagged particles, and the transporting 
agencies rounding and smoothing their surfaces. 

Of the chemical actions at work, that of water is the most 
potent and widespread. It dissolves, very slowly it is true, the 
material of which the rock particles are composed and sets up 
chemical action on its constituents. Its solvent action is consider- 
ably enhanced by the fact that rain in its passage through the air 
dissolves a certain amount of carbon dioxide and becomes a weak 
acid. This is increased by further contact with carbon dioxide on 
percolation through the surface soil. The general trend of the 
actions which then take place is to split up the complex compounds 
(chiefly silicates) of the minerals in the rocks, to remove in solution 
certain of the simpler substances which result, and to leave a residue 
of the others. These decompositions and their results are very 
complicated because of th' large number of varying factor.s in- 
volved, but here again the original composition of the rock and the 
prevailing climatic conditions both have an important influence on 
the issue. To consider a specific case, such as the weathering of a 
felspar, a silicate of potassium and aluminium, the net result is the 
removal of potassium as a soluble salt (potassium carbonate) and 
the accumulation of hydrated aluminium silicate, which is a 
clay. 

Soil. Profiles. — Weathering proceeds in soil also, as well as in 
the original rock from which the soil was produced, with the forma- 
tion in many cases of a definite profile, in which very frequently 
the alteration of the soil particles and the movement of the products 
of weathering have gone on to such an extent that the effects be- 
come visible to the eye in the different layers of soil seen in a vertical 
section. It is by a study of these soil profiles, when exposed in 
vertical sections (freshly cut) from surface down to parent rock, 
that the new ideas of soil classification are being advanced. The 
differing horizontal layers found in a profile are termed ‘‘ horizons.” 
They can be distinguished by colour, texture and chemical analysis. 
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The following brief descriptions of two soils in profile will serve to 
illustrate these points : — 

Hkavy Clay Soil on Gault Coahrk Sandy Soil on Barton 

(Cambridoe). Beds (New Forest). 


Surface to 2 ft. G in.- 

Yellowish -grey heavy clay. 

2 ft. G in. to 3 ft. 6 in.— 

Jhue-grey clay, with orange- 
brown mottling. 

3 ft. () in. to 5 ft. G in.- 

As above, but with pockets of 
white crystalline material, 
mostly c'alcium carbonate. 

5 ft. G in. to 7 ft. — 

BIne-gi(‘y clay. 


Surface to 5 in. — 

Very black sand. 

6 in. to 1 ft. 6 in. - 

Greyish white sand. 

1 ft. 6 in. to 3 ft . 

Cornjiacted black sand. 

3 ft. to 4 ft.-- 

Dark brown sand. 


When llit^ various horizons are analysed and systematically 
studied, considerable light is thrown on the soil formation processes 
and also on the behaviour of the soils under various forms of cultiva- 
tion and manurial treatment. 

Biological Factors in Soil Formation.— While the processes 
of v cath(‘ring wore jiroducing the mass of mineral particles of which 
most soils are composed, various forms of life on and in the soil wet’c 
also b(‘ing evolved, and these in turn havi' exerted their specific 
efiects. The most obvious of these are ])lants, w ith their stems and 
leaves in the air and their root systems in the soil. Plants normally 
develojj from their seeds w^hicli, given the suitable surroundings of 
air, moisture and temj)erature found in most soils, germinate and 
produce both a root and a shoot. If the supply of food material in 
the seed suffices to enable the shoot to reach the outside air, this 
}>r()duces small green leaves wdiich are able hy means of the energy 
derjv{‘d from the sun to assimilate carbon from the traces of carbon 
dioxide j)resent in the air. At the sanui time the rootlet absorbs 
nutrient material from tlie soil moisture, whidi provides tlu* medium 
by which small quantities of the mineral matter of the soil become 
assimilable. The substances thus absorbed, in a simple chemical 
form, are elaborated hy the ])lant into more lairnplex organic 
(compounds sucli as carbohydrates, oils and ])rotoins, wit}) wliieh it 
builds up its stru(;ture and makes its growth. Wlien the jilant dies 
it de(‘a\s and forms, in the soil, the organic matter known as 
“ liiimus.'’ 

In addition to the plants visible iqion its surface, the soil teems 
with living organisms of many different kinds, from earthworms 
and insects dovn to microscoj)ic forms siu^h as bacteria, all playing 
their jiart in the development of the soil complex. In the past half 
century thost* extrtmiely minute organisms Icnown as bacteria have 
lieen th(' su})je(d of much research work. It is now known tliat 
many of them are dependent for tlieir energy on that stored up by 
plants during tlieir period of growdli and n^turned to tlie soil on 
their di^atli. The significance of bacteria in many of the changes 
which organic matter undergoes when added to the soil has been 
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worked out, and a much more detailed knowledge of soil phenomena 
is now available. It is to be expected that what might be termed 
the living or active part of the soil is the surface layer, and examina- 
tion of the profile generally shows this to be the case. The amounts 
of organic matter, insect life, bacteria and plant roots steadily and 
fairly rapidly decrease with increasing depth, so that in the soil, 
from the point of view of its employment for crop production, the 
topsoil and subsoil have very different properties and capabilities 
— a fact of great importance in connection with such questions as 
the depth of ploughing, the value of subsoiling, the most suitable 
system of cropping, and so on. 

So far the soil has been considered from the point of view of its 
development and of the natural phenomena which influence it. 
Enough has been said to show that the important factors, from 
a utilitarian point of view, are probably the composition and 
properties of the mineral and organic portions, the conditions of 
moisture, temperature and aeration within it, t.c., the soil climate, 
and the nature and function of the living organisms within or on it. 
Once the measure of these has been taken, it ought to be possible 
by artificial means, whether of cultivation, manuring or cropping, 
to influence its productivity to a considerable extent. 

Colour. — On walking over arable land, the first characteristics 
of the soil to strike the senses are its colour and texture. The 
number of distinct colours encountered even in this country is very 
large, so large, indeed, that it is impossible to describe them at all 
accurately. A journey through the countryside leaves one with 
definite impressions of black, white, red, brown, yellow and grey 
soils in different localities, but if samples of all the brown soils be 
taken and set out side by side on a table, the observer will be 
astonished to find how many very distinct colours come under the 
one description “ brown.” The same holds good for the others, and 
moreover, striking differences are found in the colour of any one 
sample when it is dry and when it is moist. Again, the colour is 
greatly influenced by the direction and amount of sunlight, some 
soils which, in ordinary daylight, are a nondescript brown, assuming 
a definite red appearance in sunlight. The colour is partly duo to 
the mineral constituents and partly to the amount and nature of 
the organic matter. Black soils owe their appearance largely to 
the dominating influence of the organic matter in them ; cases in 
point are the soils of fens, river alluvium, and old gardens. This 
effect can also be demonstrated if the average soil is exposed in a 
vertical section, the larger amomit of organic matter in the topsoil 
giving it a darker colour than the subsoil. White and grey soils may 
owe their colour to one of several causes. The commonest of these 
is chalk, and white or light greys are abundant in those districts 
where the soil merges insensibly into the chalk rock. These light 
colours are also found on some very clayey soils and also some of 
the coarsest sands. In the latter case, the colour is, as a rule, due 
to the leaching out by weatht^ririg of the oxides of iron, the other 
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important colour-giving constituent of soils. The richer hues of 
yellow, brown and red are due to these same iron compounds. 
When an ordinary dark-coloured English soil is ignited for some 
time at a bright red heat and then allowed to cool, the residue is 
found to be brick-red in colour, owing to the destruction of the 
organic matter which givcvS it its dark shade. When this has been 
eliminated the effect of the iron compounds in the soil becomes 
more apparent in the resultant red colour. Now, if another portion 
of the same soil is digested for a while with hydrochloric acid and 
the resulting solution washed away, the residue is found to be black, 
and if this is carefully dried and then ignited strongly like the first 
sample the final residue, composed mainly of silica, is almost white. 
In this experiment, the treatment with acid removes most of the 
bases, including iron, first, so that the organic matter is the colour- 
ing constituent which is dominant, and on this being removed by 
ignition, the residue is colourless or white. 

Texture. — Walking on the land is one of the most telling ways 
of getting an idea of the texture of the soil. During wet weather, 
one’s experience ranges from slippery, sticky soils at the one extreme, 
on which walking is difficult, whuih tenaciously accumulate 
on one’s boots, and in which the moisture is obviously excessive, to 
soils at the other extreme which do not adhere to one’s boots to any 
extent, on which walking is comparativtdy easy, and which show 
no signs of excessive moisture. In droughty times, on the other 
hand, the former conditions are rej)Iac(‘d by those of hard clods or 
of H rock-lik(' surface', broken by numerous <‘ia(‘ks of various dinum 
siofis, while' th<‘ latter give j>lace te> those.' similar to a loejse, dry 
layej* of sand in which erne's boots sink owing to the laeh of e oliesion 
einongst the particles. These phenomenia e)f se)il texture arc 
primarily (hie‘ to the make-up of the* soil in re'spe^ct e)f parti(*le size 
If a fiandfui eif ordinary soil bo take^n up anel t'xannne'ei (dose'ly by 
eve- o! b\’ tic* aid of a ]KX*ket l(*ns, it is uoe diflie-ulT 1(, se*e vtat the 
nnnerai juirtie-les are of all shapes and sizes from olivioiis jx'bbles 
^teovnvards, If a little of the se>il is mojste'ue^d anei riibbeei ix'twee'ii 
(he huge'r.s tlie gritty nature of the large*r particles is reveale*d <*ven 
wlc'ii the' f'ye the j)ro]K)rtion of them is extreunely small, and at 
th«' same time it may be realizeal that the greasy f^x'l anej stickumss 
<if a sejtl es an attribute of its tine'r fiartieles. In eirdiiiary ]>arlaue(', 
the' teTins grave'l, sand, silt anel clay ex})re'ss some' ol tlieso differemces 
of .siz. and stie'kincss To give' pr<'e*ision t<» such teu'r s and to 
faeilitate' analytical com jiarisexis hetweem eliffere'iit soils, there has 
b(*(‘ii e volvt'd a coiiveention with rcspe*ct to }>ar{icle s'ze. On this 
conve'ntion the term soil " implu^s all those* itielix i^iual particles 
which have* a dianie'ter less than 2 millimetres, and those* which are 
larger are* considered as stones. In the natural * onditieui. as lias 
been seen, the soil yiarticies are not ail sejiarale from each other, but 
are aggregated in crumbs of all sizes. For the }mr))OS(‘ of analysis 
on a partic'le size b-asis, any soil sample must undergo a preliminary 
treatment to destroy the crumb. When this is accomplished the 
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coarser fragments can be separated by sieves whose meshes are 
made of an appropriate size. Unfortunately, a great proportion of 
the particles of the “ soil in many cases are smaller thto the 
meshes of the finest sieves practicable for this work, so recourse 
must be had to another method of separation, based on the fact that 
particles of the same material, but of varying sizes, sink through a 
liquid medium, such as water, at varying rates dependent on their 
diameters. In this manner, by sieving and by sedimentation, any 
soil sample can be divided into fractions whose diameters lie 
between the following limits ; — 

Gravel and coarse sand ... 2- 2 mra. 

Fine sand ... ... ... ‘2- 02 ,, 

Silt •02- 002 

Clay ... ... ... ... Less than -002 mm. 

The process is known as “ mechanical analysis.” 

Properties of Soil Fractions. — From these figures it wiW be 
seen that the average diameters are in the ratio of 1100 : 110 : 11 ; 1, 
so that iji the soil ])rop(^r the size of particles, comparatively 
speaking, varies enormously between th(^ extremes of sand and 
clay. When those soil fractions arc exarnincKi in bulk, some of 
their properties are obvious. Coarse sand showos practically no 
(‘ohesion and allows free drainage of w'ater through it ; fine sand 
does show cohesion, especially on drying, but is easily crumbled 
once more and allows fn^c movement of water through it ; the 
other two fractions, esjiecially clay, (‘oherc' very tenaciously ard 
offer considerable resistaiUH" to the moviuiient of w^ater through, 
them. To the extent tliat the.se properties cannot be altered by 
artificial treatment, it is (dear that a ])redominance of any 
fraction in a particular soil wull im])res.s on it its own particulai 
characteristics. The comiection hetwoon the size of the particles 
and the ])roperties of the fractions centres largely on the total 
surface area of the particles in any given volume and the calibre of 
tlie spaces bet we^cu them. The effects can bo visualized if each fraction 
is imagined to be composed of one size of particle w^hose shape is 
spherical, l^rgc particles inevitably mean large interspaces, but 
the total amount of interspace in any given volume will be decided 
by the c-loseness of packing of the particles rather than by their 
individual size. But when the surface area of the solid particles in 
a given volume is determined, tht> sizt^ of jiarticles has an enormous 
effect. Imagine a cubical box (*ontainiiig a sphere which fills it, 
i.e., which touche.s all six sides, and another of the same size divided 
into eight equal luihiiuil compartments each with a sphere filling it 
in the same' way. Facli sphere must octui})y the same proportion 
of the volume of its (amtaining ccdiical box, so that the amount of 
s}.)ac:e left uiifill(Mi in each of the two cases is the same. But if the 
total siirfaeti aitNis of the sphei'es b(^ worktul out in each case, it, is 
found that the sum of tiu^ areas of the surfaces of the eight small 
spheres is twice as great as that of the single sphere occupying the 
same space. Stated briefiy, the total surface area of the particles 
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in a given volume is inversely proportional to their diameter. One 
worker puts the internal surface area of a cubic foot of sand at 6,000 
sq. ft. and of 1 cubic ft. of clay at 100,000 sq. ft. If these surfaces 
are visualized as covered by a uniform film of moisture, the con> 
nection between the water-holding powers of the various sized 
fractions begins to reveal itself. There is a further connection 
between this factor and the property known as tenacity, which is the 
result of forces working in the water film. 

Moisture in Soils. — The following table gives some results of 
a few simple experiments on the connection between various sizes 
of ])artieles, the air space amongst them, and their power to retain 
water. 

100 cc. uf soil particles bet ween — 

5 and 3 inin. in diameter contain 48 cc. air space and retain 7 cc. water. 



,, 4.5 

,, 0 


50 

15 


57 

31 


55 

34 


It will be noticed that as the size of particle diminishes, the total 
air space does not alter very considerably, but the amount of water 
retained under free drainage conditions increases rapidly . 

A comparison of a few prominent soil types in a similar manner 
gave the following results : — 


Typr, 

Apparent 

Density. 

Air Space 
per 

JUO vols. 

\\ at er 

Ht‘ld per 

1 (M) V’ols. 

Drainage. 

Sand}' 

J-45 

40 

12 

Rapid. 

I^oain 

]-21 

50 

27 

Fairly cpiiek 

H^avv c lay 

101 

00 

35 

Very alow 

l\a!} 

■34 

80 

4 2 



Tli(‘ same points are again illustrated, but in addition otlver facts 
of iriteny^t are revealed. Assessed on actual w'eight per volume, 
the heaviness of the soils is in the order of sand, loam and cday, 
which is the reverse of the order of heaviness experiem^ed by the 
farmer working them. Kis heaviness,” of course, does not refer 
to actual weiglit but to the ease with whicli they can be cultivated, 
and i.s more- a matter of their tenacity. It can be seen, also, liow^ 
tlic loams fall into an intermediate^ ])osition betw'^een the sands and 
clays in respecd of all these ]>rc>j>erties. So far as its mineral particles 
are concerned, a loam is made up of a fairly even mi xhin^ of all 
sizes of particles, neitlnu sand nor clay predominating. The figurevS 
for ])eaty soil sliow also tlic effect of the (diaract eristics of organic 
matter in a soil, in lightening it (literally), in aerating it and in 
improving it s water-holding eapa('ity. The figunrs also iliiistrate the 
importance of textun^ in drainage and also m th(‘ ability of a soil to 
raise water from below and to retain it. Of late yrars it lias coim^ 
to b(‘ realized how com]»]icated are the water relationshqis of soil. 
By working on “ ideal soils. ’ i.c., soils com])os(si soleK of sjilierical 
mineral particles of equal diaimder, j>by.sj(‘isls have been able to 
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elucidate some of the complicated forces involved. The manner in 
which water can rise from a water-table into such a dry soil can be 
seen to be dependent on the size of particles, and so on the frequency 
of points of contact between the particles, the distances between 
these points, the shape of the interspaces and their calibre. It 
would appear that water starting from any point of contact 
between particles begins to spread over their surfaces and to fill up 
the angles between them until it touches a similar spread from some 
other point of contact. The sides of the spaces being thus wetted, 
the water tends to fill up the core and obliterate the air space. 
This process goes on until the forces involved are insufficient to fill 
the whole of the air space, and at about this level the water-table 
is formed. But the water is still able to spread on the particle 
surfaces and to continue to rise, although the interspaces continue to 
hold air to an increasing extent. At this stage this conception of 
moisture relationships can be applied to field conditions. If rain 
occurs the added water tends to flow down into the soil via the 
film of water surrounding the particles, until it reaches the zone of 
saturation or water-table, the level of vliich is thereby raised. The 
rate at which it can do this is determined by the texture of the soil. 
If the rain falls too heavily the system of interstices must become 
comparatively air-locked and standing or rumiing water will appear 
on the surface. On heavy land this condition tends to become 
almost permanent in the wet season and yv\, on digging, the soil at 
lower depths may show no signs of water-logging. In dry con- 
ditions, the movement of water in soils has a general upward trend ; 
moisture is evaporated from the smface and is replaced by more 
moving up from below, with the result that the water-ta})le is 
lowered. Where the rate of evaporation at the surface exceeds 
the rate of rise from below, the soil begins to dry out to an in- 
creasing de})th, but at a decreasing rate. Advantage is taken of 
these phenomena to r(‘gulate artitieially th(‘ moisture conditions 
just below the surfac(‘ soil. In tlu^ absence of rain, and at spring- 
seeding time, a steady su|)|)ly of moisture from below to the 
germinating seeds can be (‘usunal by rolling and so consolidating the 
seed-bed. This ojK'ratioji will also, however, at the same time lead 
to an increased loss by eva])()ration from the surface, a drawback 
which can be removed by a subsequent light harrowing. This 
loosens the toj) inch or two of the soil, which dries out more ra])idly, 
and soon becomes a ])r()tective mulch to tlie soil helow , in whicli the 
seeds lie. It is for these reasons that the lioe is regarded as more 
useful than the watering eaix in establishing optimum water con- 
ditions in gardt'nmg operations. 

Types of Soil. — All soils e<)mj)osed mainly of mineral })articles 
can be classified as sandy, loamy or clay soils. These broad groups 
can he further sub-divided, as, for instance, into light, medium or 
heavy loams, or they may even be given a description which 
attempts to put into words the mechanical analysis. Tliis 
frequently results in extraordinary contradietioiis in terms, e.g., 



14 


THE FORMATION AND J)lSTJilHl TJON OF SOILS 


“ a fine, aandy clay/' This expression, however, simply means a soil 
made up chiefly of clay particles and particles of fine sand. The 
following table gives some examples of soils classified by touch, 
with their mechanical composition alongside : — 



Coarse Sand. 

Fine Sand. 

Silt. 

Clay 

Very coarse sandy soil 

72 

19 

3 

2 

Sand soil 

45 

32 

10 

8 

Light loam. . . 

41 

29 

14 

9 

Medium loam 

24 

21 

26 

20 

Heavy loam 

26 

9 

24 

29 

Clay soil 

18 

9 

21 

36 

Heavy elay 

6 

4 

30 

49 

Heavv silt ... 

1 

17 

69 

13 


In this table the grades of particles are only four in number. 
Differences in texture may arise even by the predominance of 
particles of sizes within these limits, as, for instance, in the case of 
silt, of which the finer grade, approximating more and more to the 
size of clay particles, assumes more and more the stickiness of the 
latter, without the compensating advmitage of being amenable to 
th% improving effects of judicious cultivations or liming. 

Texture and Cropping. — There is an intimate connection 
between the mechanical analysis of most soils and the uses to which 
they are put in crop growing. In an area such as the south-eastern 
half of England, which enjoys fairly uniform climatic conditions, 
especially in the matter of rainfall, the distribution of particular 
crops and the extent to which they are grown on a particular type 
of soil enables one to point to a definite texture as being most 
suit-ed t'O each crop. Soil surveying on these lines indicates that 
the most frequent composition of soils devoted pre-eminently to 
wiieat-growing has a make-up of the following type 

('jarsr Bund ... ... r> j ki . 

t inr Ban({ ... ... 

Silt :ui ,, 

(day 2' I ,, 

It IS, oi course, possible to grow wheat on soils with mechanical 
a.'yaiysis figures outside th(‘ I'anges indicated, and modern work has 
resulted in the jiroduction of varieties better suited t(> on(‘ type of 
S(,»il tlian t.(; others, a recognition in itsedf that factors sucli as texture 
intin(‘nc*.‘ ctop results. Similar v>bser\ations are summarized in ttie 


following tab 

le for other crops ; - 


Market (dardcu 

.\ arsery 


liailt^y. 

Hean.s. 

Crops. 

Stocks. 

Com'st^ hand ... 

1 21 

16 

64 

17 

Fme Hrtn- 1 

26 46 

JO 

J6 

66 

Sill 

4;i 16 

29 

14 

8 

( 'iav ■ • ■ 

12 8 

30 

6 

4 

(JleiH'ral text lire 

Taglit Sand\c 

(day. 

.Sari<i\ . 

Firu' sandy 


Thus far we liave considered texture solely from the point of 
view of the size of the particles in the soil. There are, however. 
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two constituents, present in most soils, whicii are sometimes found 
in such quantities as to mask entirely the physical properties of the 
various-sized mineral particles. They are cl)alk and organic matter, 
the latter familiarly described as hnrnns. The amount of chalk 
may vary from 0 up to 70 or 80 per cent, its effects are, briefly, 
so to ameliorate the stickiness due to the clay fraction that soils 
with a high amount of this constituent work more easily than they 
otherwise would, while lighter soils tend to become very spongy, to 
puff up and to lift in winter, while continuing under certain con- 
ditions of moisture to be sticky and tricky to work. This is the 
case with chalky soils containing more than per cent, of chalk. 
Organic matter also, as its amount increases, can impress definite 
characteristics on a soil, regardless of its mechanical analysis. 
Peats, fen soils and riverside alluvial flats are cases in point. 

Some of these differences and their effects are illustrated by the 
following analysis of three t\ 7 >e 8 of soil, obtained on one farm of 
about 500 acres ^ 


Lonilon Clay. Valley Gravel. Alluvium. 


Formation. 

Soil. 

Subsoil. 

Soil. 

Subsoil. 

Soil. 

Subsoil, 

Coarse sand 

'21 

16 

42 

41 

6 

9 

Fine sand 

22 

17 

26 

25 

8 

13 

Silt 

27 

29 

19 

17 

34 

26 

Clay 

13 

26 

6 

11 

22 

31 

Organic* matter . . . 

«•() 

6-3 

3-9 

2 8 

18 3 

10*2 


In the case of each ty|)e it will be noticed that there is less organic 
matter and more clay in the sub-soil than in the soil, and in the 
first two examples, both typical mineral soils, the subsoil contains 
a noticeably smaller amount of the coarser fractions, facts which 
are connected intimately wdth the common observation that sub- 
soils as a rule are lighter or brighter in colour and more sticky, raw 
and unkindly, than the soils wdiich He above them. 

Clay. — The clay fraction seems to exert the largest effect on the 
properties of the soil as a whole. The clay ])articles are extremely 
minute, many of them so minute as to be beyond the range 
of visibility even of a microscope. If a heavy soil l>e shaken up in 
soft w^ater for a time and allowed to stand, the water remains turbid 
for an indefinite })eriod, owing to the fine clay particles remaining 
in suRj)ension. The individual particles cannot be distinguished by 
the eye but if, afU^r a day or twa), some of the turbid liquid is poured 
into another clean glass vessel it w'ill be seen that they do continue 
to settle out slowly and form a thin but very compact layer on the 
bottom. If a very thick suspension is made in a similar fashion, 
and to it is added a small quantity of an acid, with subsequent 
shaking it wnll be observed that parti(des soon become visible in the 
suspension, looking like gelatinous flakes w Inch settle out compara- 
tively quickly to give a voluminous sediment at the bottom. In the 
original condition, with the particles free and separat/e, the clay is 
said to be “ deflocculated,” while in the latter, under the influence 
of the added acid, the particles have coalesced or run together in 
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groups, in what is known as the ‘‘flocculated ” state. The acid is 
termed a flocculating agent. The conditions of the clay in the two 
cases may be compared respectively to those of the individual 
seeds picked from a blackberry and of the berry as a whole. 
Although the analogy is not strictly true, it serves to illustrate the 
behaviour of clay. Imagine, for instance, two jars, one filled with 
the seeds picked from a blackberry and the other filled with whole 
berries ; the former would resemble deflocculated clay in the field 
condition, a dense sticky or firmly compacted mass, while the latter 
would resemble clay in the flocculated condition, loose, crumbly and 
easily broken down. It is easy to see that a heavy wheel or a 
horse’s hoof, pressed on to whole berries (or flocculated clay when 
moist), would produce a sticky mass of crushed berries (or 
“ pud(iled ” clay). These phenomena in clay are intimately con- 
nected with its “ colloidal ” nature, a term applied to many sub- 
stances which can assume the physical condition associated with 
jelly, or white of egg. There is much evidence to indicate that the 
surface of the soil particles is covered with a layer of material in 
this condition. If this is the case colloidal properties will become 
more evident as the internal surface area per unit volume of soil 
increases, t.e., cs the particles become smaller. It is the interaction 
between this colloidal surface of the particles and moisture which 
causes tlie swelling and shrinkage associated with the wetting and 
drying of clay. When a measured volume of puddled clay is 
allowed to dry out it is found that shrinkage takes place and that 
the rate of shrinkage is constant down to a certain moisture con- 
tent, after which it falls off. Whatever the cause of this lag may 
he, it is an established fact that on gradual re-wetting the volume 
of clay expands correspondinglv but more rapidly at first and more 
slov ly later. A repetition of the drying do(‘.s not produce the same 
slirinkage as the first drying and so on. It would appear that these 
alternate dryings and wdl ings (‘ause the particles, by some change 
in the condition of their colloidal covering, to h>osen themselves 
from one another and in practice to make the whole mass more 
friable and crumbly. These phenomena are of great im])ortance in 
tillages, and especially in connection with the production of a 
seed-bed- It is not enough for clay clods simply to be dried down 
to a certain optimum moistuie (a)ntent to make tlu^m friable. This 
state only apjiears aft(‘r the drying has proceeded further and has 
been followed by a remoistening. If this has happened moie than 
once, so miudi the better. The value of thesis changes is the more 
important in the abseiu^e of frost, with its laigely enhanced shatter- 
ing effect caused by the increase in volume w hich takes place w hen 
w^ater freezes. 

Soil Temperature. “ Harliness ” or “lateness" of soils is a 
factor of great importaiiee in the uses to which they are put, and 
depends v(‘ry mueli, though not solely, on their texture. Their 
original source of lieat is th(‘ sun, so that for any tield the first 
infliumee on th(' tmn perature of th(‘ soil will he the amount and 
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direction of the slope. The rays of the sun falling on the earth are 
parallel and of even intensity per unit of area, so that the amount 
of heat falling on each unit of area of the soil will be at the optimum 
in the case of fields sloping in a southerly direction. The next 
factor concerned is the colour of the soil for, roughly speaking, the 
darker the soil is the more heat it will absorb and retain from the 
sun's rays. Perhaps the most potent factor, however, is the 
moisture in the soil. The heat is used up in raising the temperature 
of the mineral matter of the soil and of the moisture in it and in 
evaporating water from its surface layer. Now, the amounts of 
heat necessary to raise the temperature of equal weights of mineral 
matter and water by 1° and to convert the latter into water vapour 
are respectively in the proportions of 1 : 10 : 540. Thus it will be 
seen that under similar conditions of aspect and colour, the heavier 
soils, with their great/Cr moisture-holding power, will always require 
much longer to warm up under the sun’s influence, so that they will 
always be colder and later (in spring a heavy soil will frequently 
contain 30 per cent, of moisture by weight). 

Chemical Composition of Soil. 

Mineral Matter. So far the soil has been considered solely 
from the point of view of its physical constitution. Tt is necessary 
now to deal with its chemical composition. This is best done l)y 
describing the various fractions in the mechanical analysis. The 
sand, silt and clay are all fragments derived from the original rocks 
by weathering. The rocks themselves are made up of minerals 
which have a definite chemical composition. Briefly, the main 
compounds in rocks are silica, and the more complex silicates, in 
which the silica is associated with the bases aluminium, iron, 
magnesium, calcium, sodium and potassium, so that the same sort 
of compounds will ])r()bably be found in the mineral particles of a 
soil. If the soil has been produced directly from the older igneous 
rocks, it will be much less weathered than if it has been produced 
on a geological formation of comparatively recent date. If soils 
from North Wales or the North of Scotland be compared with soils 
from East Anglia, it is found that the coar.ser particles of sand and 
gravel contain an ajipreciable amount of comparatively unweathered 
minerals and silicates, while the similar fractions of the latter con- 
tain very little except the quartz residue or silica. Further, in 
comparing the difierent fractions of one of the latter soils, it is 
found that the less weathered materials are to be found more in the 
finer particles. As a rule sand is largely simple silica, wliile the clay 
fraction is made uj) of more complex compounds in which the 
silica is associated with various bases, the most important bc^ing 
calcium and potassium. 

Humus. — The organic matter, usually termed humus, has becui 
already attributed to the gradual accumulation of the remains of 
organisms, chiefly plants, which have flourished on or in the soil. 
Some of it is n^cognizable as such by the j)ersisting structures of 
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stems, leaves and roots. A certain amount, however, has been 
comminuted by some means or other to a state in which no recog- 
nizable structure remains and in which it exists as a uniform spongy 
dark brown or black material. The composition of the organic 
matter is very complex. It is useful to regard it as being made up 
of a large number of organic compounds derived from plant material. 
A feeding stuff consisting of dried plant substance is described on 
analysis as containing water, proteins, fats, carboh 3 ^drates (sugars, 
starches, etc.), fibre and ash, and this terminology is a useful basis 
on which to visualize the composition of humus. Such is the 
collection of materials which falls back on to the soil when a plant 
dies, and from it humus is formed, by a series of chemical changes 
brought about by the activities of various types of bacteria, work- 
ing chiefly on the proteins and carbohydrates. Now, of the con- 
stituents named above, the carbohydrates are made up of carbon, 
hydrogen and oxygen, while the proteins contain, in addition, 
small amounts of nitrogen, sulphur, phosphorus and calcium (the 
ash). The nitrogen is the most valuable of these and is the one of 
which the humus constitutes a reserve supply in the soil. To sum 
up, the humus is a complex of organic compounds which gives to 
the soil a darker colour, aerates and opens it, makes it drain more 
freely and at the same time enables it to retain more moisture 
when drained, helps tilth formation and provides a reserve of 
nitrogen. Many of these powers it owes to its (olloidal nature, so 
that, vliH})ersed amidst the soil })articles, it will tend to give to them 
a cv)iloidal covering. Tn ordinar}^ soils the nitrogen constitutes 
rough)}' per cent, of the organic matter, so that, as the following 
figures illustrate, great variations in the amount of this plant 
nutrient are found ; in light, sandy soils it is as h^w^ as -OS per 
cent , in average arable land -bo to -2 per cent., in grassland 15 to 
1 ]a‘r cent , in peaty soils *7 to 2 j)cr cmt. 

Three other constituents of ordinary soils arc of import.an(;e. 
(iialk, or calcium carbonate, is a coinparat iv^ely sim{)le chemical 
compound whose amount in soil varies considerably. It has 
important l)earings on its fertility and tilth (p. 29]. Phospiiabes are 
iai])ortarit also as one of the chief plant nutrients, Inung found 
}»artiy in an original miiieral foiiri. as calcium phosphate, and 
})artly in the organic portion (u Immus. T.iastly, there is the w'ster 
which is yiresent, flistrihuted over the surfac'cs of tlie [)articles of 
soil throughout its atnieture. 'The solvent powa^r we err has been 
mentioned, and it is only necessary to add that in contact with 
materials of siieli varying composition as lia\e been described, it 
produces a 'soil solution in which vt ry small quantities of all 
these substances are dissolved to an extent determined by their 
solubility. This seal solution is th(' main rhaimel by whicli the 
plant nutrients in the soil find their beneficially" to the roots 

of growing plants or v^astefulU^ into th<‘ drainage Avater. The 
concentration of the soil solution rarely exceeds 1 per cent., and 
the chief suhstanecj found in it are n'rratt\s, hicarbonates, organic 
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matter, calcium, sodium, magnesium, silica, chlorine, sulphates, 
potassium, ammonium, and phosphate. 

Analysis. — Shorn of its chemical formulae, the analysis of a 
soil is illustrated by the following example : — 

Per cent. 


Moisture ... ... ... ... ... ... 3' 78 

Loss on ignition (or organic matter) ... ... 6' 16 

Nitrogen ... ... ... ... ... ... 162 

Calcium carbonate (or chalk) ... ... ... 03 

♦Oxides of iron and aluminium ... ... ... 6*56 

♦Total calcium oxide ... ... ... ... -610 

♦Total me^nesium oxide ... ... ... ... 371 

♦Total phosphoric oxide (or phosphoric acid) ... 123 

Available ,, ,, ,, 013 

♦Total potassium oxide (or potash) ... ... 248 

Available ,, ,, ,, ... ... 016 

Matter insoluble in acid (or silica) ... ... 81'0 


The general custom is to express the constituents in terms of their 
oxides, but this does not mean that the oxides are actually present 
as such. For instance, all the calcium present in this sample is 
equivalent to -51 per cent, of calcium oxide and is expressed as 
such. In actual fact, some of it is present as the 03 per cent, of 
calcium carbonate, some as calcium sulphate, but most as un- 
weathered or partially weathered mineral silicates in the soil 
particles ; there is no free calcium oxide, or quicklime, present. The 
constituents marked with an asterisk are t hose which are dissolved 
out of the soil b}" extraction with hot acid for a considerable 
time, and the last item (silica) is tlie undissolved residue in this 
extraction, after ignition to remove all the organic matter. The 
total does not account for a full 100 per cent., but there are other 
constituents present in small quantities which do not ap|jear u' 
the analysis. The other items are estimated separately, nitrogen, 
of course, being part of the organic matter but determined 
independently because of its importance. Again, the “ available ” 
constituents form part of the totals of the same name*, but being 
more easily soluble they are estimated by other more appropriate 
methods. There are several other analytical data frequently 
obtained in advisory work on soils but most of them deal wdth the 
condition of the soil or of some of its constituents, and so are more 
of a qualitative nature ; such are reaction, acidity, lime requirement 
and amounts of exchangeable bases. 

The value of chemical analysis lies in the light which it tlirow^s 
on the composition of different soils, the exj)lanation of some of 
their properties, and the elucidation of some of their peculiarities 
or shortcomings when ust^d for crop production. The three types 
of soil quoted witli refereiu^e to the variations in texture on one 
farm (v. p. 15) will serve to show some points of significance in 
their chemical composition. 
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London Clay. 

Valley 

Gravel. 

Alluvium. 


Soil. 

Subsoil. 

Soil. 

Subsoil. 

Soil. 

Subsoil. 

Organic matter 

... 6-98 

6-2t) 

4-78 

3-50 

18-30 

1018 

Nitrogen 

*174 

•084 

•161 

•098 

•695 

•286 

Clay 

... 12-6 

26-7 

3-7 

5-0 

21-7 

310 

Oxides of iron and tilu- 






minium . . . 

... 809 


3-39 


16-30 


Calcium oxide . . . 

•500 


•550 


1-04 


Magnesium oxide 

•2()l 


330 


*867 


Potash ... 

332 

•592 

•147 

•172 

•492 

•635 

Phosphoric acid 

•092 

•OOl 

•092 

•073 

•243 

•169 

Calcium carbonate 

•07 


•38 


0 


Calcium oxide 

•500 


•550 


104 


A perusal of 

tliese figures illustrates several points. 

(1) The 


amount of nitrogen varies with that of the organic matter, but the 
subsoil organic matter contains relatively less of this constituent . 
(2) The heavier the soil, the more bases are present — an important 
fact with relation especially to potash and lime. (3) The phosphoric 
acid, so far as any connection can be traced, vanes not with the 
clay so much as with the organic matter. (4) A heavy soil may con- 
tain a considerable amount of calcium, even when free chalk is 
entirely absent, as in the case of the alluvium quoted. (5) But for 
the presence of *38 per (umt. of calcium carbonate in the Valley 
Gravel soil, the total amount of calcium base in this light soil 
would be comparatively small. 

Biological Activity in the Soil. — There is still a very im- 
portant feature of the soil wliich has not, up to the present, received 
more than passing mention, to wit, the life witliin it. A great 
variety of innumerable living organisms find tlieir home in the soil. 
Some of the more obvious are rodents, earthworms, insects and 
myriapods (millipedes, etc.), all of which exert their effect on the 
composition of the soil, and, in particular, help to mix the decaying 
veg(‘tation with the mineral jiarticlcs. Besides these, however, there 
are man} mor(‘ lowly organisms, invisible to the naked e\e. and 
iruieed only just visible, many of them, under very powerful micro- 
scopes. Such are (he soil bacteria. Idie existence of these and a 
good (leal of the knowledge of their habits and importance have 
Mily been established by dint of much laborious investigation 
within the last 50 years. 

Bacteria. — The search for the explanation of soil fertility has 
been going on for hundreds of years, but it was not until the middle 
r>f last century that the significance of the natural production and 
properties of those compounds of nitrogen which we know as 
“ nitrates began to be nndersiood. It was Pasteur who suggested 
that the process of “ nitrification ” might he a biological one, 
that is, that it might he the result of the activities of some small 
oiganism. The process of sewage purification depended on this 
change, and investigators were struck by its comparative slowness 
in starting and by the fact that the addition of certain substances, 
such as chloroform, checked it. Other phenomena were observed, 
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notably that the chemical changes involved proceeded by more 
than one stage, but still no one had found the agent which brought 
them about. There followed an eager search in this direction, and 
in the years between 1870 and 1890 several groups of bacteria 'were 
isolated and identified as being the agents whereby the stages in 
which complex nitrogenous compounds, such as exist in decaying 
organic matter, are converted into nitrates. In addition, others 
were found leading a free existence in the soil, and still others living 
in the “ nodules ” found on the roots of leguminous plants such as 
beans and clovers, taking up the free nitrogen in the soil air and 
elaborating it into the comjdex organic com])ounds of their own 
bodies, thus increasing the reserve of nitrogen in the soil organic 
matter. There were still j)roblems t() be solved, however. Tliere^ 
was evidence that some agency existed in the soil, which at times 
became distressingly aj)pai(‘nt, for it was able to exercise a severe 
check on the numbers and the beneficial effects of these bacteria. 
Finally, a type of organism, much larger than bacteria, was dis- 
covered in the soil. This, also, was very numerous, and its existence 
and prosperity were seen to be inimical to the nitrif 3 dng organisms, 
a fact which to-day is recognized by the widely employed process 
of soil sterilization in intensive hot-house work. This practice 
encompasses the extermination of the Protozoa, as these predatory 
organisms are termed, after whi(*h the beneficial bacteria can 
multiply unmolested and n^store or enhance the fertility of the s:)!! 
so treated. 

It is now possible to summarize our knowledge of this complex 
medium, the soil. It can be regarded as a very mixed assortment 
of mineral particles, of all sizes from obvious stones down to the 
ultramicroscopic clay, composed largely of silica, in its pure form, 
or in association with various bases, of which the most important 
are potash, lime, magnesia, soda and iron. Intermingled with these 
mineral particles is the humus derived from the residues of living 
organisms, especially plants, and made up of many complex organic 
comj)ounds, some of which c-ontain the valuable element nitrogen. 
There are also other inorganic substances disseminated through the 
mass, notably chalk (though not invariably) and calcium phosphate. 
The structure of the mass may be visualized as an association of 
the various soil particles into crumbs by virtue of their colloidal or 
jelly-like surface, consisting ]>artly of the actual mineral matter of 
the particl(‘ and j)artly of humus. In and on the colloidal layer is 
the soil moisture, forming a finely disjiersed but continuous medium 
tliroughout the soil and holding dissolved in it small quantities of 
the chemical (constituents of the soil. To a varying extent, the 
intersjiaces are filled with air, providing the soil atmosjihere, and 
upon the moist colloidal sui faces of the ])articles roam the organisiris 
which have their existence' thei-(‘on and collectively influence the 
fertility of the soil. It is on this material that the farmer exercises 
his skill and endc'avours, by the use of tillage imjdements and 
manures, to produce and inaintaiii in it a high level of fertility. 
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Nutrition of Plants. — Attention may now l)e paid to the 
growing plant to see what its requirements are and to what extent 
they can be supplied by the soil. Both the atmosphere and the 
soil play a part in the life processes of plants. To begin with, 
respiration is continually taking place just as in the case of animals, 
though in a much less obvious fashion. Some of the tissue of the 
plant is oxidized with the production of the necessary energy for 
life and growth. This is accompanied by the liberation of carbon 
dioxide and water, waste products which are got rid of by the leaves. 
In the daytime, however, and especially in bright sunlight, another 
vital phenomenon is apparent. This is the assimilation of carbon 
dioxide from the atmosphere, where it is always present in small 
amounts. On the under side of a leaf are found numerous pores or 
stomata, leading into small internal cavities lined by the walls of 
active living cells. The air containing carbon dioxide finds its way 
into these spaces and dissolves in the moisture in the cell walls. 
The green colouring matter in the cells, called chlorophyll, is able to 
utilize the energy of the sun’s rays which fall upon it, to s})Jit up the 
compound carbon dioxide and build up the carbon so obtained into 
new substances of the nature of simple sugars. At the same time 
the oxygen which has been split ofT is set fr(‘(‘ and finds its way, tria 
the stomata, into the air once more. It will Ik^ seen then that in 
the daytime a plant utilizes carbon dioxide from tlic atmosphere 
to build up its tissues more quickly than it pj oduces that compound 
by respiration. The sugars prodiu^ed are then distribut/ed through 
the growing parts of the plant, and from thtun are elaborated many 
other com{)Ounds, mostly more comy)lex, which ])lay their part in 
the building up of its structure. Some of these compounds contain 
(dements other than carbon, hydrogen and oxygen, the constituents 
of th(‘ sugar.s, and it is th(%se which are obtained from the soil by 
means of the root syslmn. The very line root; hairs which the 
growing plant i.s continually jiutting out, to explore the st/il fur 
nutrient materiah push their way amongst the soil jiarticles and 
li(‘ closely up against their wet colloidal surfactxs. The soil solution 
or moisture in the soil diffuses through the rnembrancnis walls of 
the root hairs and along with it go small amounts of the various 
chemical substances present in it. The manner in whicli this 
hapfKUis is not fully understocKl, but there is no doubt afxjut many 
of the facts connecdod with it, such as the enoi’mous amount of 
water which a plant takes up, passes through its stru :tur(‘ and 
respires from its leaves. There is no doubt, also, that the root sysUun 
can absorb nutrients from the soil selectively, up to a point. The 
substances wdiieh arf* taken in from the .soil in this way include 
nitrogen, phosphorus, potash, silica, iron, magn(\siiin] , calcium and 
others. They j>ass up into the structure of the })iant arui, together 
with the products of carl)oii assimilation fiom the leavers, form the 
materials from wdiich all the various organic eonijiounds eonnirising 
the tissues of the plant — proteins, carbohydrates, fats and oils — 
are produced. So for its growth a pdant requires, in the main, 



WATER REQUIREMENTS OF CROPS 


23 


oxygen and carbon dioxide from the air, and water, nitrogen, phos- 
phorus, potash and lime from the soil. Some idea of the quantities 
in which these substances are required is provided by the two 
following examples, one afforded by a cereal and the other a root 
crop. The former, if it yields 40 bushels of grain and 25 ewt. of 
straw per acre, removes from the soil 50 lb. of nitrogen, 20 lb. of 
phosphoric acid, 35 Ib. of potash, and 10 lb. of lime, besides other 
constituents, and during its growth will transpire from its leaves 
550 tons of water. A 25-ton crop of mangolds removes 85 lb. of 
nitrogen, 50 lb. of phosphoric acid, 250 lb. of potash, 25 lb. of lime, 
etc., and will transpire 900 tons of water during its period of growth. 
These figures indicate that the biggest demand on the part of a 
growing crop is for an adequate supply of water, without which no 
additions of other plant nutrients can exert anything like their full 
effect. It is an interesting arithmetical study to see what this 
means when put against the existing rainfall. One inch of rain on 
an acre gives 100 tons of water, so that for a successful barley crop, 
the water equivalent to 5^ in. of rain must be actually supplied by 
the soil and transpired through the plant, which occupies the ground 
from March to August. In the eastern counties the average rainfall 
is about 25 in., of which 8 in. will usually fall within the pericxl 
mentioned. So that it will be readily seen that the physical 
properties of the soil and the success of the cultivations designed to 
conserve the moisture in the soil will have a much more potent 
effect on the barley crop than the various chemical compcninds 
concerned as nutrients, especially when it is remembered that 
evaporation of water from the surface of the soil is taking place 
continually, while rainfall is spasmodic. 

Availability of Nutrients. — Although of secondary importance, 
however, the other plant nutrients are well worth study. 
The utility of fertilizers is, now^adays, demonstrated beyond doubt 
by the huge dimensions of the fertilizer trade, and most people are 
j)ersonally acquainted with instances of marked responses by crops 
U) their a|)plication. ^ f‘t when the increases in crop produced, the 
amount of added fertilizer, the amount of the particular constituent 
removed by the crop, and the amount of it present in the soil are 
all considered together, no very obvious connection is apparent. 
The average arable soil contains about *2 per cent, of nitrogen, 
which, in a acre of soil 9 in. deep, represents 5,(KK) lb., an amount 
enough to supply this constituent for as many l>ushels of grain, 
but the roots of wiieat, for instance, in their search for plant food, 
go much doei)er, so that they ctome into contact with an even great-er 
amount of nitrogen, probably not exaggerated nut at 10, (KX) lb. 
per acre. In spite of this, it is found that the average yield of wdieat 
on the classic unmanured plot at Rothamst-ed, containing an amount 
of nitrogen of this same order, is steady at about 12 bushels per 
acre. On a neighbouring plot, receiving anually 40 lb. of nitrogen 
in the form of concentrated fertilizer, an equally steady average 
yield of 22 bushels per acre is maintained. This wvjuld suggest that 
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the total amount of nitrogen has little direct bearing on the size of 
crop grown , but that there is probably a factor of great importance 
in the form in which the plant can assimilate it. If a similar rough 
calculation is made of the amoinit of nitrogen present in the soil in 
forms similar to nitrate of soda and sulphate of ammonia, the figures 
obtained take on a more ordered aspect. There are found in the soil 
at different periods of the season varying amounts of nitrates and 
ammonia, two comparatively simple compounds of nitrogen, of the 
order of •001)5 per cent, and 000025 per cent, respectively. These 
represent, per acre, a total of 16 lb. at any moment. This figure is 
substantially of the same order as the amount of nitrogen in the 
fertilizer dressings referred to above, so that there is strong support 
for the view that the amount of nitrogen present in the soil in an 
assimilable form, e.g., as nitrate, has a direct bearing on the crop 
yield. As has already been indicated, the bulk of the nitrogen 
present in the soil is in the form of complex protein-like compounds 
in the humus or organic matter, and tliat these are constantly being 
broken down into simpler compounds by the action of specific 
bacteria, until they result in the production of ammonia which, in 
its turn, is converted into nitrate. The organic nitrogenous com- 
pounds are mostly insoluble and certainly not able to be absorbed 
into the root system, while ammonia and nitrate are comparatively 
sim})le in composition, readily soluble in vater, and easily assimi- 
lated by root hairs. This sequence of changes forms part of what is 
known as ‘‘ the nitrogen cycle,” or the way in which the element 
nitrogen is continually in circulation in nature. Most of the stages 
in this cycle have already been indicated in different connections, 
but it is convenient here to view it as a se])arate phenomenon. In 
its simplest form it can \>e set out as follows — - 


PROTEINS ^ 

TISSUES N. 


Nir RATES 
SOlL\ 

\ 


NITRITES AMMONIA. 

SOIL SOIL 


-to illustrate the continuous growth and decay of plants. But 
the activities of bacteria and the processes of decay are not merely 
the mechanism of this simple cycle ; they have trends of their own 
leading in other directions, as indicated in the following version : — 



PROTEINS 

IN PtANTf f. 

NITRATES 

NITRITES — 


Plant residues 


Some of the nitrogen of the proteins is set free and added to the 
store already existing in the atmosjdiere, while some of that in the 
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nitrates produced in the soil suffers a similar fate. On the other 
hand, several different bacteria can feed on the free nitrogen of the 
air and elaborate it into proteins in their own bodies. Sufficient 
has been said, perhaps, to indicate the respective influences of pro- 
teins and nitrates, to mention the two most important stages of the 
cycle, upon the fertility of the soil and the growth of plants. The 
proteins constitute the reserve in the soil, the material from which 
a constant supply of easily assimilable nitrates is produced. The 
rate of this production depends on the temperature, moisture and 
aeration of the soil. It is at a low level during the wdnter months, 
but as soon as the soil warms up in spring, it rises rapidly, with the 
result that the amount of nitrate found in fallow land constantly 
increases until September, when production falls off and drainage 
commences once more, gradually reducing the amount to its winter 
minimum. In the case of land under a crop, the nitrate is con- 
tinuously absorbed, with the result that the amounts found reach 
their maximum in June, then fall off steadily until August, rise 
again to an autumn maximum in October, and then again decline 
to the winter level. It will be understood from this brief outline, 
that easily soluble nitrogenous compounds used as top dressings in 
the early spring, before nitrification is really active, are in a position 
to exert a very potent influence on the growth of a crop in its early 
stages. It also follows that the effect of such fertilizers is exerted 
within a short time of their application and that they are unlikely 
to have a permanent effect in raising the fertility of soil. But 
there are many materials of undoubted value as manures which in 
themselves are more of the nature of proteins. All the organic 
refuses come into this category, so that their use produces rather 
different effects. They do, in fact, increase the reserve of nitrogen 
in the soil at the same time as they add some of it in a condition in 
which it easily progresses through the cycle, i.e., is soon converted 
into nitrates- The users of this class of fertilizer generally make it 
a practice to add supplies regularly to the soil, thus steadily 
enhancing its fertility and ensuring that when the nitrification pro- 
cesses are active, the amounts of nitrate produced may be corre- 
spondingly increased all through the season. This kind of treat- 
ment is m\ich more essential for some crops than a liberal supply of 
available nitrogen given early in the growing season, as in the case 
of quick-acting top dressings. 

The consideration of nitrogen as a plant nutrient and the re- 
lations between the store present in the soil and the amount actually 
absorbed by the plant has served to illustrate what is meant by the 
term “ available plant food.” This is an expression frequently 
employed in technical phraseology with regard to the nutrition of 
plants, to call attention to the fact that it is not so much the total 
amount of any one constituent which matters as the extent to 
which that constituent is in a form assimilable by the plant roots, 
or, in other words, how much of it is available. In the case of 
nitrogen there are a number of established facts, as indicated above, 
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which enable a fairly clear idea of the position in the soil to be ob- 
tained. In the case of those other important nutrients, the mineral 
constituents, especially phosphates, potash and lime, our knowledge 
is not quite so satisfactory. Looking at them on the same simple 
of quantitative basis, it is found that a common figure for the amount 
phosphoric acid in a soil is 1 per cent., which, by calculations similar 
to those employed in the case of nitrogen, represents over 5,000 lb. 
within root range, and yet by the addition of two or three cwt. of 
superphosphate, containing about 40 lb., remarkable effects on the 
crop are frequently obtained. In the case of potash, a much greater 
range of total content in the soil is experienced, from 1 per cent, or 
less in light, sandy soils to over 1 per cent, in heavy clays, represent- 
ing from 5,000 to 60,000 lb. per acre within root range, but again, 
when the soil responds to applications of this constituent, it does so 
to dressings containing amounts of the order of 40 lb. per acre. It 
has been shown already that the phosphoric acid in the soil is 
present partly as mineral matter, calcium phosphate, and partly 
as a constituent of the organic matter. The potash is there as a 
constituent of the original minerals or of their partly weathered 
residues. In the soils of the south-eastern half of England it occurs 
chiefly in the smaller particles, particularly in the clay frax^tion, so 
that the total amount increases with the heaviness of the soil. That 
all these compounds, whether phosphate or potash, are practically 
insoluble in water is evidenced by the very small amounts which 
are found in drainage water or in the soil solution. 

At the same time there is evidence that in some soils the phos- 
phate is more available ” to the plants than in others. It is 
possible to find instances of soils containing the higher amounts of 
total phosphate which respond to added phosphatic fertilizers, 
while others with a low<?r total content show no response. 
Phenoniena of this kind have led to the view' that there are 
(lifferen(‘<‘s in the state or (uuistitution of the phosj>hates in soils, 
making them more or less easily assiinilahh^ by plant roots. It 
was also suggested that the root systems excrt'ted acid juices which 
eould dissolve the mineral nutrients, phosphate and potash, and so 
rendcT them useful t-(j the plant. After a period of exj)eriment. 
Dyer came to the conclusion that this action of the roots could l)e 
very closely imitated in a laboratory by shaking up the soil witfi a 
1 per (^eiit. solution of citric acid und(T certain standard ' conditions. 
By means of this test he was able to differentiate betwetui soils with 
respetd to the amoujits of “ available phosphate ” and ' available 
potash ” which they contaii).ed. His results agreed fairly wadi with 
th(i actual respons(‘ of tin* soils in the field to added fertilizers, and 
to this day liis method is widely employed by advisory chemists to 
assess the need of soils for these particular constituents. Such 
practitioners, by dint of accumulated local experimici^ and data 
from the soils with which they are familiar, are able to set up in 
tfudr own localities c(‘rtain standard limits about which they can 
dogmatize with a fair degree of accuracy. For instance, in some 
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areas, available phosphoric acid below 01 per cent, is considered to 
be deficient and over 02 per cent, to be adequate, and, as a rule, 
the response of the soils to added phosphate will be in accordance 
with these tenets. Similarly 007 and 014 per cent, might be the 
corresponding limits for potash. It is obvious that such standards 
cannot be regarded as hard and fast, but, due consideration being 
given to other known facts, such as the history of the field and the 
behaviour of the crops on it, this form of analysis is a valuable aid 
to a correct diagnosis. A useful modification of the method con- 
sists in studying the latio of the “ available ” to the “ total ” amount 
of either constituent instead of the absolute percentage. The 
following examples are from different fields on one farm. 




1 

2 
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8 

Total phosph 

loric acid % 

•123 
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3 

15 

6 

3 

3 
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Numbers 1, 2, 3 and 8, by this criterion, seemed to be short of 
available phosphate ; in practice they were the fields where phos- 
phatic fertilizers produced the bigger response. There is not such 
a marked contrast in the case of the potash. On the ratio of avail- 
able to total potash, they all look poor except number 4, while in 
practice numbers 3, 5, 6 and 7 gave the best results for the use of 
potash. 

It is difficult to define or explain this “ availability ” of plant 
nutrients, although different workers have attacked the problem 
from many angles. It is 200 years since that pioneer Jethro Tull 
f‘xpoujided Ids views on the subject, and they bear a very close 
resemblance to some of those ex];)ressed by eminent soil scientists of 
the ])rese]it day. He realized the tremendous importance of tilth 
in making a soil ])roductive, and the connection between it and the 
internal surface area of the soil. He rc^garded this as the “ pasture ” 
area of the soil so far as plant roots were concerned, and devoted all 
Ids energies to the improvenumt of tillage implements in order to 
keej) this area at its maximum. In his day little was known of the 
chemistr\' of tlie soil or of ])Iant nutrition. He was convinced that 
an important part, if not all, of the necessary nutrients resided on 
the surface of the soil parti(des, and so argued that the more of this 
sui fac'e there was made a(‘.cessible to the searching roots, the more 
nutriiufuit the j)lant would obtain. Enough has already been said 
in the present accoimt concerning the soil solution and the action 
of plant roots on the colloidal surface of the particles to show that 
his line of reasoning had very much the same trend as that of sub- 
sequent workers, it must bo remembered that the need for, or 
the effect of, such constituents as phosphoric acid or potash in 
soils is, to a great extent, determined by a number of circumstances 
which render it difficult to state anything in the nature of standard 
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requirements. For instance, the amount of phosphoric acid required 
in the case of a heavy soil may be greater because its function in 
developing a vigorous root system is more important for the crop 
than it otherwise need be, on account of the greater resistance 
offered by more sticky soil to the movement of growing root hairs. 
Or, in conditions of insufficient water supply, a correspondingly 
larger root system may be necessary to the plant in order that it 
may more thoroughly search the soil to obtain its due supply. 
Further, the bases with which the phosphoric acid is associate 
may influence the ease with which the plant can assimilate what it 
needs ; the value of the phosphates of iron and aluminium, as com- 
pared with those of calcium, is not necessarily the same. In the 
case of potash, it has been clearl}^ demonstrated that the need for it 
is very definitely connected with the amount of rainfall during any 
season, and so with the moisture content of the soil. 

Other methods of assessing the availability of the mineral plant 
foods in a given soil have been tried out by investigators in recent 
years, especially on the Continent, by a more direct appeal to the 
plant, instead of by soil analysis. On the grounds that a single 
nutrient factor, such as phosphoric acid, exerts a specific effect on 
the crop, as evidenced by the yield, attempts have been made by 
studying the yields obtained by varying additions of a single 
manurial constituent, to calculate the amount of this originally 
present in the soil. This method has been severely criticized because 
of the difficulty of isolating the effect of a single factor where 
so many are obviously concerned. This drawback, coupled with 
the slow and laborious nature of the investigation, precludes its 
general adoption. There are, however, investigational methods 
which are more rapid and more easily carried out which have 
attained a certain measure of success. That of Neubauer is an 
example. This worker relies on the ability of seedlings, given 
favourable circumstances, to extract all the available plant food in 
a given sample of a soil within a comparatively short time His 
procedure is somew^hat on the following lines. He mixes a small 
quantity of his soil sample with about three times its weight of pure 
sand, sets it up in saucers, plants in each 100 seeds of rye or barley, 
and keeps the whole at carefully regulated conditions of temperature 
and water supply for 17 days. At the end of this period the seed- 
lings are lifted, carefully washed free of soil, dried, and analysed 
for their content of phosphate, potash, etc. The figures obtained 
are then used to determine the sufficiency or lack of any individual 
constituent in the particular soil under experiment. This line of 
attack has been much used, since its discovery, by the fertilizer 
interests in Germany, in connection with field investigations and 
for routine advisory purposes. 

Reaction and Lime Status. — There still remains to be con- 
sidered one constituent of the soil which ranks as a very important 
food nutrient but which is the more indispensable because of its 
effect on the condition and fertility of the soil. This is “ lime,” or 
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the calcium base, which is absorbed by plants along with its other 
food material, but which also has a dual effect on the soil in 
improving its texture and in keeping its reaction sweet and suitable 
as an environment for most of our useful crops and for the beneficial 
micro-organisms which so greatly influence fertility. In ordinary 
parlance, we find soils described as being in a sweet, sour, or, in some 
parts of the world, alkaline condition. Before attempting to explain 
the causes of these variations, attention may be called to some 
of the effects of the particular phase which causes most trouble in 
this country. Many readers will have noticed at some time or 
other an ordinary short ley of rye grass and clover in which there 
were patches where the clover was conspicuous by its absence, 
while the rye grass was growing strongly. This is frequently the 
result of sourness. It may be useful to describe a particular case, 
encountered in 1927. The late summer of that year, in the locality 
where this example occurred, was very wet, so that the second cut 
was not mown. The clovers ripened off, with the result that the 
field showed up brown in colour, owing to the withered blooms of 
the clover. But it was splashed with various-sized patches of rich 
green, where only the rye grass was growing. Samples of soil were 
taken from several of the green patches and also from adjacent 
brown areas, and were examined individually in the laboratory. 
In the routine which is followed in these cases, the first things 
noticed were that in the samples from the rye grass patches there 
were no visible particles of white chalk, as there were in most of 
those from the normal areas, while, on drying, the former set in 
hard lumps, while the latter crumbled easily. The difference in the 
total chalk present w^as confirmed by analysis. When the reaction 
of the soil was tested by indicators, such as litmus paper, the rye- 
grass patches w^ere found in every case to be acid, finally, the 
various samples w^ere shaken up with a solution containing chalk, 
to see how much of this substance each one would absorb, a process 
known as a “ lime requirement determination.’' It was found 
that the rye grass patches took up appreciable amounts. It is 
unnecessary to go into the technical details of these chemical 
investigations, but the above short description of the procedure, 
coupled with the figures obtained, provides a useful basis on whicli 
to discuss this subject. 
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A perusual of these results indicates a definite connection 
between the prosperity of the clover plant, the tilth of the soil, the 
amount of the soil's reserve of chalk, its reaction, and its need for 
“ lime.” It would also appear that rye grass is able to withstand a 
condition of sourness, or lack of “ lime/' which is inhibitive to red 
clover. The connection goes further, as was evidenced on this field 
in the following year, when it came into wheat. The same clover- 
less patches showed up as areas of a sparse wheat plant, associated 
with a marked abundance of weeds. This is not altogether sur- 
prising when one recollects the value of a clover ley as a precursor 
to wheat. 

Lime Content. — In describing the chemical composition of the 
soil, it was shown that calcium compounds of various kinds are 
present. Many of the particles contain unweathered and partially 
weathered minerals containing the calcium base among others. It 
is present also as free calcium carbonate, often in the form of chalk 
or limestone fragments, and as calcium phosphate. Reference 
may be made to the table on p. 20, when it will be seen that in 
many heavy English soils there may be found a greater amount of 
calcium base, even in the complete absence of “ chalk,” than in 
adjacent light soils containing an appreciable though small reserve 
of that substance. This is an important })oint which goes a long 
way towards explaining why, on many heavy soils devoid of free 
calcium carbonate, a dressing of lime f)roduce8 no response. In 
soils containing a reserve of this form of calcium, there is a great 
variation in the amount present, as is shown by the figures for a 
number of soils in Berkshire set out below, from which it will be 
seen that there is a connection betw(^en this point and the parent 
roctk from which the soil is derived 
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Attempts have been made to prescribe a figure for (he amount 
of chalk necessary to keep the soil healthy in reaction and 
adequately supplied with (ialcium base, but it is difficult to do this 
owing to the fact that it performs v«arious functions In heavy 
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soils it has a good deal to do with ke^eping the clay fraction in a 
satisfactory state of tilth, and, accordingly, it eases tillage operations 
to a considerable extent, while in all soils it counteracts acidity 
and provides a valuable plant nutrient. Some light soils, by 
virtue of their favourable topographical situation, are kept 
suitably supplied by chalk-bearing umierground water. Normally, 
free chalk to the extent of *1 per cent, will supply the needs of 
light soils, but as their level of fertility is raised, this amount may 
prove insufficient, as, for instance, in intensive cultivation coupled 
with the use of liberal additions of manures, when *2 and *3 per 
cent, may be found necessary. Heavy soils, on the other 
hand, when more intensively worked, will sometimes show the 
benefit of a reserve rising to the neighbourhood of 1 per cent. 
Furthermore, the problem is complicated by the varying degrees 
of tolerance which different crops exhibit towards an acid reaction 
in the soil. 

Signs of Acidity, — So far as observation in England goes, 
crops such as rhubarb, rye, potatoes, oats, swedes, alsike and kale 
will tolerate definite degrees of acidity, while clovers, mangolds, 
sugar beet, peas, beans and barley will frequently fail under the 
same conditions. ' Amongst the grasses, cocksfoot, sweet vernal, 
sheep’s fescue and Yorkshire fog fall in the former group, while 
foxtail ranks with the latter. Similarly amongst the weeds of arable 
land, sheej)’8 sorrel, spurrey, corn marigold and mayweed will 
flourish on acid soils. The first thrtK^, indeed, when present in 
(quantity, are an almost infallible sign of sourness. The more lowly 
forms of life, such as fungi and bacteria, also show preferences as 
to the reaction in wliich they flourish. For example, the fungus 
(causing Potato Sc.ab does not tolerate acidity, as its host does, and 
so appears most frequently when the soil is limed. The organism 
causing Linger and Too or (^lub Root, a trouble prone to be wide- 
spread on all (Vuciferous crops, is most virulent in acid conditions 
j>. 363). 

These various points serve as good indications of the occurreiuje 
of sourness, but it should be borne in mind that no single one con- 
stitutes definit(‘ evidence. lns})ection of the soil is often sufficient 
to indicat(‘ the absence of any reserve of calcium base in the shape 
of chalk particles, and if this is associated with such jdienomona as 
f-he existencA^ of a i)an, leaching of the soil, formation of matted 
turf at the surface, together with <to[j and weed indications of the 
type detailed above, the diagnosis is tolerably certain to prove 
corr(‘ct. This condition of acidity may be duo to several and Miried 
causes. A d(‘ficiency of calcium base in the original minerals from 
which the soil was derived may lie at the root of tht‘ matter, or it 
may be that the wiiit h(‘riTig proces.ses hav(‘ leached away the calcium 
of the original minerals, as in the case of some of the lighter sandy 
soils of our mor(‘ re(;ent g(‘ol()gical formations. At the same time 
the growdh of vegetiition on the soil may have resulted in the 
accumulation of a layer of sour, partially decayed organic matter. 
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such as occurs in peat or matted grassland. This substantially 
aggravates the state of acidity in the soil though it may be itsoif 
regarded as due to that condition. Finally, man’s own operations 
of cropping and manuring may be such as to consume the chalk 
reserve and lead to acidity. This happens occasionally where 
intensive farming is carried on without the use of lime, or where 
ammonium salts are constantly used for top dressings, or where 
crops are continuously taken from the land without adequate 
manuring. 

The cure for acidity in soils in this country is, of course, liming, 
but as this is an operation which entails considerable expenditure, 
some 30s. or more per acre, it is as well to go to some pains to get 
as certain a diagnosis of the condition of any fields under considera- 
tion as is possible. Enough has been said to show that, as a rule, 
the signs of acidity are very definite ; they are a much better guides 
than the effervescence produced on pouring acid on a small quantity 
of the soil, a rough and ready test whicli really only shows wIkui 
adequate reserves of chalk are present, and is not very helpful in 
doubtful cases. It is advisable, w^hen in doubt, to call in the aid of 
the county organizer, who can have the soil chemically examined 
and so obtain definite quantitative information on the condition of 
the soil. There are also on the market useful soil indicators which 
are of great value in sorting out the fields on any given area of soil, 
but a certain amount of })ractise is necessary in their use, and again 
they should bo followed by critical chemical examination. It will 
be seen also, from the preceding account, that it is possible to intro- 
duce modifications in manurial })ractice and in the type of crops 
grown so as to meet the difficulty in fields short of the calcium 
base or possessing only a small reserve of lime. Thus potatoes, 
swedes, rye, oats and alsike will, other things being equal, fare better 
than turnips, mangolds, sugar beet, barley and clovers. Cyana- 
mide, nitro-chalk, and nitrate of lime will be safer forms of nitrogiui 
than ammonium salts, and may even give better results. Carrying, 
as they do, their own supjfiy of calcium base, the first-named in 
particular having a definite content of free lime, they will make less 
call u])on and eke out the scanty reserves of any soil in an acid con- 
dition. Among tjie phosphatic fertilizers there is point in mnploy- 
irig basic slag, mineral jdiosphate or bone meal in jjreference to 
soluble phosphates sucli as superphosphate, dissolved bones or 
ammonium phosphate. 
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CHAPTER II. 

FARM IMPLEMENTS. 

Thb first implement of tillage is the plough. With this a layer of 
soil, usually between 4 and 8 in. in depth, is separated from the 
underlying subsoil and inverted, any manure or vegetation on the 
surface being buried. The soil moved is laid in long seams or furrow 
slices, which may either be set up on edge so that a large area is 
exposed to the effects of the weather, or may be considerably broken 
up in the process. Pulverisation is effected by other implements : 
the cultivator breaks up the furrow slice, harrows stir the soil, level 
it, and break down the lumps, and rollers crush clods. The con- 
dition of tilth to be aimed at varies widely accoi-ding to the season 
of the year, to the soil, and to the cro]) for which the soil is being 
prepared, but the general object is to work the .soil until it is reduced 
to a fairly fine state of comminution. In this state mould is available 
at the surface for covering the s(‘ed evcnily, and the total area of 
the soil particles available to the root hairs is greatly increased. 
The wxwking leaves the soil in an open enough condition to allow' 
of the easy penetration of |)lant roots, but it must be fairly firm 
to give a good roothold. 

The art of cultivation lies in using implements to the best 
adv^autage, so that full benefit may be derived from tlie disintegrat- 
ing effects of frost, vvedting and drying, and changes of temperature, 
and 80 that the o])tiiuum conditions of tilth may be obtained with 
the minimum expenditure of energy. This art can only be mastered 
by experienc(\ but a first st(‘p in its ai'ipiisition is a realisation of the 
})urposes for w'hich particular implements an‘ constructed. an»l the 
))rinciples of tia ir action. 

Tlnu’c arc certain prop(*rtics wliidi are reijuired in all farm 
’mplements, (juite* apart from their efficiency in the work for whicli 
f hey are constructiMl. It is imj)ortant that an implement should 
b(' strong and y(d light ; in this respect, great improvenu'iits have 
been made in tin* juist as better mat ('rials have Ix'come available, 
but tlu'rt' is still room for advanct'. Skill in design may do much 
in naliH'lng tlu' draught of an implcmtuit. and minimum draught 
consistent witii good work is an jm]>oi'tant dt'sideratnni. It must 
be remembered that farm laboun'rs, th(»ug}i generally skilful with 
implements, an' not trained nu'chanics, so that an implement 
should be sim])]c both to work and in its running rt'pairs. It is 
imjiortant that an implenu'iit sliould be abh' to pass tlirough a 
!bft. gateway, ('ither in its working st ati' or wnth little and ra})idly 
( xcculcd change. The prici' of tlu' impli'inent and the cost of its 
maintenanci' arc items of obvious imjiortaiuac 

Ploughs, -diu' jilough of today is the result of many centuries 
ot expi'rii'iicc Its jirimitivi' prototype' was probai»ly no more than 
a pointed r,ti(‘k. Its form slowly developeel until tlu' lu'avv woodi'ii 
plough of the sevt'uteeni l\ century was iv'achcd. Tlie latter was 
very clums\ and of very heavy draught, but it ])erformed wiiat is 
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now regarded as tiu3 distinctive aeti<»u of the plough in that it 
inverted the soil From thence evolution has proceeded to an 
iron plough of consider<ihly less weight and much greater etFiciency. 
Progress has been slou , but the priiuu])les involved in the construe 
tion of a plough are not simj)le, and it is not to be sup])os(‘(i that 
tinalit y has yet been r(^a(*}nMl. One factor whi(;}i impeded progress in 
early times was th(^ very localised existence of the types jiroduced. 
hatterly large firms have syirung into being, which have tended to 
standardise tlie nujilement. Nevertheless, thcMi' are a v^ariety of 
tyjH*s availabh* to < lay, ami certain of these still (Uijoy sjiecial 
po|)ularity ui particular distrusts, eithei be(*,ausr of soil })eculiarit ies, 
or luoie j)robal*l> as a result of old (aist^om and pn'judiee yi't lingiuhig 
on. 'ihis apple's, to a eortaiu ext<*n{, to .id in; jjh-mt'nts. 

Mh(^ comuiou jdoughs ol to day fall fairis d(‘iinitcly into two 
types — the gtiu'f.-d pur])(»s(^ plough aiel the <iigger : some are 
intermediate in fortn. l.ut a (h-scriyition of i hes(^ two sufFicos to 
sliow the ])riri<'ipieK mvolvcai. 

d'lih: (Jen KUA I. PfMrr*»sK Ploiuiu 'Fh,- parts of (lie plough are 
shown in FigvS. l! and 'The draught cheiu. by wlueh it is pulled, 
tits into an\ <>ne of a. s*'ries of uoivis's o- a va'i’tieaJ plaiu‘ in the 
hake, wlueh itself <au inovi* (uer a hofiyoiUid ar(t (tiie (piadnuit) 
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on th( leriM'iid of lit*- fa'ani rims thf puiiit at, uhieh di, * 

'p)[)li(‘(l (;an he vare-d in both (iii-(M t ions, aoh great (‘href < 
running oi the phaiLdi (sia b.-)o',\ i. In qm dosig/is t.he hatN^ 
the foini of a vertical iron rod. winch c.in ic' raised or lower ■ i cn 
loosening a tmt vshete it ihioiinh (,.< .sliding head of ih- 

I j nadra nt,. 

Just behind t be ( j iiadr.uit the beam < a ' i le.^ a •. ro bar be 
t h(‘ AV'hetds. d’ludarger <>1 1 Jmsi- j n i m m ( te fni iow against ihev- 
face cut by the cmiber during tii-' ja-'.ei'M | as.-age of ih" pi- 
whilst th(' smaller one rmis m; ij, • ; oi- ,. >h> d land. Beini 
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wIkm^Ih a cli}) fasU'iis t lu' (‘oultcr to the Ix^aio. 'rin* (‘oulter in knife- 
•ilgod in front,, a-nd its func.tlon ia to inak(‘ tlir va-rtical cut in dctach- 
.rig the furrow slice (Pig. 7). On sonic ploughs the (X)ul(er takes 
the form of a large st(‘el dis(\ whicli rolls along the surface cutting 
’or a d(^{>tli of 1 to 2 in. This form is very efficient in cutting 
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A, (iiag ainl chain. ii, luikc and ciimn. 

e, .Sjainner. 


turf or any vegetahle matter lying on tiie siirfai’c, aiul as its 
ircular motion tiuids t(» clear it of ruf)l>islt it is commonly ustai 
Mith tractor ploughs. At the rear of tin* beam are affixed tvio 
handles or stilts, by means of whicii the ])loughman (‘ontrols the 
;ni]>lement 



I'he body, \\]iiel! carries all the wtirhing pai'ts exceTd \hr coulter,, 
'oolted on to the bo;nu n< ar us rt ar end ft ha.^ a stetb plate 
■*e- siade) fixed to its undei siihe on i\}n(di n slides along the 
'Tou liotlom, and another (th<‘ land-side) uhici, bchirs against the 
see cut by tlie. eouHei. These two plates are detachable and in 
-me d(’signs are in one pi(‘C(e 

T}i(‘ sliare, whose pur[)ose is to make the hon/ontai cut m sejiara- 
• ng tiie furrou slice from below, fits on to a lU’ek on trie foremost 
'oint of the body. If Uie share \^e^e to ent the lull vsidth the slice 
'•tuld tend m(^r(‘ly to be juislied sid(‘ways by tin’ mould-board 
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This is avoided by using shares which leave an inch or so of soil 
uncut on the furrow side, which, before it is torn away, suffices to 
prevent lateral rnovciuent of the slice long enough to give it the 
rotating movement Avhich leads to its inversion. Plough shares 
are of various shapes (Fig. 5) ; in some the cutting face is nearly 
at right-angles to the line of draught, but where the land is stony 
this face must slo])c back steeply or wear will be very rapid. All 
shar(‘s for thf* general ]>urpos(' j)lough have a definite nec^k ; this 



5. — Fokms (»f l’i.ort;nsHAUEs. 

A, for square* work in loams nrul land u, paring s}jar(‘ for skimming stiihhlos 
free from stones. c, pointed share for stonv land. 

causes the ving, with its cutting edge, to be advanced well in front 
of the mould-board ; thus the cut is made far enough ahead to 
prevent any tearing action being caused by the soil rising on the 
mould board, which would have the effect of breaking the slice. 
Plough shares are cheap and very easily detachable — they are onl>^ 
held on by the forward thrust of the implement ; on stony land 
they may only last for three days or even k^ss, but they will survive 
for much longer periods on other soils. They are made of cast iron 
chilled on tlie undei side, which therefore wears more slowly than 
tbe top side, and eonsequently they keep a sharj) edge throughout 
their lifie 

Much thought and ingenuity have been devoted to t he fashioning 
of the mould-board (Fig. 6). The furrow slice is rotat(Mi through 
an angle of roughly but its motion is by no means simple, for 

it rotates about its lower right corner for tlie first IK) and then 
about its original ujiper right corner, when that point, comes in 
(‘ontact with the Viottom of th(‘ furrow. Its ccuitn* (>f gravity can 
be shown to rise during the first 55^' of its rotation, te fall during 
the lu^xt 3r) , to rise for the following and to fall again slightly 
during the last It) . ff the slice is tf) be turned unbroken the 
mould-board must be in contact with it throughout, and this is 
found to necessitate a form in whicli the twist is gradually increaseji 
for the first Sh' and thereafter (liininish(‘d ; the mould board must 
also be convex (v.r., from toj) to liottom) throughout its length, 
or erunibling will be caused. In the case of ploughs used in com- 
petitions the mould -board may be nearly four feet long, the object 
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being to turn the niice over slowly and press it gently iip;) place 
,i,^ainst the jirevious one. At least one-third of tlie draught of th(‘ 
^/ough is due to friction of the soil on tlie inould-board ; this is 
! irg(‘ly affected by the amount of moisture present, and it lias been 



Fk;. I>. —Parts of Pf.oiioH. 

A. sidf'-cap, or Inod-cap. K, cast frainr, or body. 

B, slade. F, frame eouplinyo 

(’, breaat ; n, its rest, or footing.” a, ))roast coupling. 

suggested that the work might be lessened by passing an electrie 
current through the implement to give a d(‘posit of water on the 
mould- hoard to act as a lubricant. 

Two otlier fittings are supplied with ploughs for use where 
much surface material has to be buried ; these are the skim coulter 
and the drag- weight and chain (Fig 3.) The skim coulter is itself 
a diminutive plough, which runs a few inches in front of the knife 
coulter, turning a very small furrow of about 1 in. depth from 
the left hand side of the furrow sli(;e to the right ; the vegetation 
thus moved is deposited at the bottom of the furrow, when the 
main slice is turned, instead of protruding between two slices as it 
is apt to do where no skim coulter is used. The other fitting 
consists of a two foot chain attached to the coulter, its other end 
hearing a bullet-shaped weight, which lies in the furrow when the 
plough is at rest ; as the plough moves forward the chain is being 
continually dragged over the surface of the furrow slice as the 
latter turns, and the action is very effective in getting anything on 
the surface completely buried. 

Setting the Plough. — There are many adjustments possible 
on the plough to meet varying conditions of soil and requirements 
of work. The share plays a large part in holding the implement 
into its work. For this purpose it is given a slight pitch in two 
directions — downwards and towards the land side ; that is to say, 
if a rod be laid from the point of the share to the heel of the slade 
there will be a slight clearance between it and the implement through- 
out its length, and similarly on the luiid side of the plough. This 
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(Teates a Buction which holds th(‘ y>h)\igh down and toward the 
unj)lo\ighed land, but it must not Ix' ov^cr accentuated or the point 
of the share will kee]) dij^ging in, and the plough will run badly with 
an increase of draught. Ploughs are made in which pitch may 
easily be giveui to the sha.r(‘ at will, but often it has to be obtained 
by putting a litth^ packing (often j)aper) inside the neck of the share. 
Tlie coulter should be set straiglit or it may be given a slight inclina- 
tion toward the land side and its point should be as far forward as 
the })oint of the share, otherwist^ tin* latter will have to lift a slie(‘ 
not yet cut from the land ; the coulter should be very slightly 
wider than tlie point of the share, because pressure will Uuid to 
bc jcl it inwards, and a ch'arancc* of an inch or so is commonly left 
ab(»v(' th(' share', c'spi'cially on stony ground. In soft soil without 
much rubbish on thc' surfac<‘ the coullc'r may b(' nc'arly vertical, 
but vbcr(' lluM'c is much vegetabh* matter it is better to have' its 
to]> lilted backwards at au angU' of about lib' . as thc'n the ruhhish 
will run u]) it and clear b('lt(‘r ; if t iltc'd in this way it will also tend 
to )u)ld tlu^ plough in, as it is Ix'ing coiitjuually drawn downwards. 

ddi(' hake and (jua<lrant are also iutimatc'ly connected witli the 
d('j»tli and vidtli of working. Ibaising tlu' eliaiii in the liake has 
the f'flcct of making the plough run deepen’, as also do long cdiains 
• .!i die horses, for tlie Ix'st results a plane drawn through thc' 
liook.^ en tlie boi’ses' coilai's aud the' peiut (tf attachment at tlie 
hake- should, ]f coufmued backward, cut tlic' mould-board a little 
aboN c th(' sliare, ft .r t b(*rc‘ is flu centre (tf resist anc'cc As rt'gards 
the (juadrant it < an easily lx s(‘eu that mo\ing it to the rigid tends 
In maki tlie ])l(>ugb run to the left and \ ice vc'rsa. 

I'dnally 1 be w lieids liax e to becon^idcrt'd. The (h'ptli of jilougliing 
IS tliC' limglil of tlie bottom of iIm* laud wlu'i 1 aboxc^ the* bottom of 
!lc‘ furrow wlii'el. and liic' latter siiould lx* plaec'd pisl far t'nough 
iat('ra(!\' to T’uu Indiliy against tie- vertieal fax'c* of the furrow. No 
a rt ss '•'nould lx placed tan the wbci'ls when the piougli is moving. 
,is siK b tan ojii\ mean loss ot edit ien< \ , tlie correct runuing .sliould 
i.c ofiiaimal by the oflter adjustments and IIk^ii tins wbt'tds should 
f X' set t o ru ! I ca-sil \ and light I \ t licir f uiict lou Ixeng uK'n* I v t o st ('arix' 
t !ic implement . If t lie })1< uigli lx* xxcli set it slumld lU'eri \ ('ry lit Iks 
li anx , .".t cad X mg bx t be ploug;bma n , <*xeept in lia.rd or st ouy ground . 

h'-'UM <>!■ Til !' ni<i:o\\ Smcf ddie object of tlie long niould- 
boaio of the e< iieral pmpese pjougli is Ft turn inia.ct furrow slict's 
and to set tjmui on edge . in this xxay a large aii.l a n- w surface 
1- t'xpe.sed ju the a,cliou of the weallior, and sjia.ei's art' left ])elo\i^ 
mt.^ wloeli \wd<r ean drmm from tiie surfa.(.e, and along sxlmh 
drainaee Is alse po'-sible , '-ettmg slices on edg(' aJso k'avi's the Ijeh.j 
m g<xtd < onditioij ioj- laoadt asliug seed ms the laltor falls lx twsx-fj 
the slie(*s and tan eas;l\ Ix^ coxa-red he cr’oss fian’oxving. If is 
(dtvious that if a furrow e is to lx- nivertnd its width must he 
great('i than its d«‘pth, for, if tlui.e be ('ipial, when it lias Ix'cn 
rotatixl through fMl jt.s original vertie.il fa(*c will just till tlie ojten 
furrow left by tlu' }>revi(>uh sli<'e ; if tin width bo gntab'r it will fall 
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down on to the previous one, and in this movement its inversion is 
completed. Where it is required to set tlie furrow slices up at an 
angle of 45"^ to the horizontal (a vei’y common aim) the ratio between 
(he width and tlie dojjth should be 10 : 7 ; if tin' width be relatively 
less the slices wull stand more upright which may be desirable in 
winter ])loughing to get the full benefit of drainage anfl weathering 
whilst if it be greater they will be laid more flat. 

In general furrow slices are rectangular in cross section, as 
must iKX'essarily be the (^as(‘ whmi tiie coulter and the share are at 
right angles to each oilier. In the past it has been much argued 
that a so-called “ crested ” slice is prehTable ; this form is obtained 
by having the wing of the share pointing upw^ards so that the 
jiugli^ between the cuts of the coulter and the, share is acute; this 
leav(\s the top of the uuplough(‘d subsoil irregular (Fig. 7, 2), though 
the advantage of this is doubtful. It can Ix^ sliowii that tln^ 
crested slict^ exposes about It) [ler cent, more siirfact^ to th(‘ action 
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(]) H-ffI angular furrow, uuliu'nktui ; (l!) rrosttMl furrow, unbroken ; 

(li) wi(i<‘ furrovN', broken. 

id th(‘ W'calhcr, and gives rather bettiT conditions for broadcasting; 
on the other hand, the ratio between the widtli and the depth (at 
Its detqiest) of the furrow slice is rediKMal to less than 9 ; 7, and 
('(>nse([uently the rate of iiloughing is rediu’cd by something over 
10 p(‘r cent. 

The DunnNi; PiaU'CH. 'Tlie hing mould-board plough des- 
crilied above is mori* jiartieularly adapt (‘d to autumn and winter 
work, or to the ploughing of fallows where the object is to kee]> 
the land cloddy. Wluui ])lougliing in spring for sjiring sowii crops 
weathering cannot be depended on to play a very large part as 
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time is limited and severe frosts are not to be expected ; in that case 
thereforer, it would clearly be an economy to use a plough designed 
not only to invert the soil but also to pulverise it considerably. 
Such an implement is the digging plough. 

The mould-board of the digger is short, (joncave, and has a rapid 
twist ; the share is short and has no neck, and the coulter is often 
not used, the front of the body being sharp and capable of making 
the vertical cut. Its action is very different from that of the 
general purpose plough : the furrow slice is torn from its place, 
raised rapidly on the mould -board and given a sudden twist which 
bends it on itself and finally throws it down against the previous 
one. All this tends to considerable pulverisation, which in the 
case of some diggers is further increased by knives fitted at the 
rear of the mould-board. Because of the disintegration of the slice 
there is not any nec^essity to maintain any definite ratio between 
the w'idth and the depth of ploughing with a digger ; in practice 
considerably wider furrows are takcui with consequent economy of 
time. 

The digger is often used without wheels — the term “ swing 
plough ” is used to describe all wiieelless ploughs — but some skill 
is required in managing it in that case. In t)rder to mak(‘ its 
control possible when used as a swing plough the beam is shorten 
and the stilts are longer than w ith the general pur})ose type, becaus(‘ 
this gives less leverage to the horses and more to the ploughman 

Method of pLOUOHi^io. — Common ploughs only turn a furrov 
one way (to the right), and thus with them it is impossible to 
f)lough a field by starting along one side and working bac^kwards 
and forw'ards until th(‘ other sid(^ is roach(‘d. '.rhe nudhod (‘om 
rnonly adojitcal is to di’a,w' a scenes of ridges acToss the fi(dd, thedr 
distance a])art bedng uswjtlly 22 yards, tliougli they ar(‘ f)ftc‘n put 
nearer together on hea\y land. In setting up a ridge it is too 
common rneredy to turn a furrow over and, on the return jouriuy, 
to turn another against it from the opposite side ; it this is done 
there is a strip of soil in the middle of the ridge which is never 
moved at all. The correct method is to turn a shallow' shet^ over 
and on the return journey to turn the adjacamt strij) in the ojiposite 
direction, thus leaving a doiihle ojien furrow: on the next two 
passages across the field these two slic(\s and the strips of soil on 
which they lie are turned together into this open furrow^ to form 
the ridge. 

The ridge having been set out the jiroeedure is to work round it, 
turning slices towards it from each side ; this is calkal “ gathering,” 
and it is continued until 51, \ards width has laa n doiu' on each side. 
Next 5.^ yards width is gathertal on each side of tiie sis'ond ridge. 
This leav(‘S a strij) 11 sards wide betwfHn tJa* two ploughed 
pieces, and the next stej) is to work round and round this turning 
the furrow slices outwards ; this is calkol '' casting ’ or ' sjilitting ' 
and is continued until the sjiace between the two ridges is finished, 
leaving a double open furrow^ midway between the two ridges. 
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The open furrow is generally left as it is formed when the last 
of the land has been moved, but sometimes another furrow is 
ploughed out of its bottom, thus making it more efficient as a surface 
drain. Another practice is to “ plough back ” — that is, one (or 
possibly two) small furrows are turned from the side into the open 
furrow — with the object of leaving the field more even ; the practice 
is rare, but it makes the surface better for the binder at harvest, 
and some farmers make a point of a level surface at the last ploughing 
before laying down to grass. 

The first land having been completed with the double furrow, 
a third ridge is started and the gathering round it, and the splitting 
between it and the second ridge, done as before, and so on. Thus 
the ploughed surface shows a ridge, which should not stand up too 
high, every 22 yards ; midway between the ridges are open furrows 
and these, though troublesome when drilling and with the binder 
at harvest, serve a useful purpose by acting as surfaoti drains ; it 
is for this reason that they are put nearer together on heavy land. 

Setting out ridges causes a certain amount of waste time, though 
with an expert ploughman the loss is small. The only way of 
avoiding it is to work round and round the field, ploughing on all 
sides ; this method is fairly common in some districts, but has not 
yet acliieved any general popularity in this country. The round- 
about system necessitates special measures to move the soil on the 
diagonals of the field, which is largely missed in turning at the 
four corners. 

There are several points to be noted in good ploughing. As 
mentioned above, the centres of ridges should be moved, and this 
riK'ans that furrows should first be turned outwards when 
forming th(‘m ; the ridges must not be too high. The furrow slices 
should 1)(^ stiaight, otherwise some of the ground will ht“ inis.sed. 
An even depth of working should be maintained and all vegetable 
matter should he completely buried : to ensure the death and decay 
of the latter the furrow slices should be pressed well together. The 
ends of the work at th(‘ headlands should be neat so that no soil is 
l(‘ft unmoved there ; to make this easier, ploughmen often take the 
plough once along eacli end of the field to mark out the headland 
and so to give themselves a line for the ends of the furrow slices. 

Oi’HEK Forms of the Uommon Plough. — Nearly all modern 
ploughs are made of iron, but wooden ploughs are still in use in 
some districts. They are practically entirely restricted to heavy 
clay soils, where it is found that a wooden mould- board scours 
better (i.c., runs cleaner) than an iron one ; on these soils wFeels 
are very apt to get clogged so that most wooden ploughs are swing 
ploughs, though some have one small wheel running under the fore 
end of the beam. 

A large reduction of labour may be effected by the use of 
multiple furrow ploughs : as an instance, on light soils one man and 
three horses can work a double-furrow plough wffiilst it still takes 
one man and two horses to plough at half the rate with a single 
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With ex])ensive labour Ihore is inuoh to be said for 
multiy)le furrow ploughs, but. oji heavy soils they tend to block and 
single furrow ones do better work. A dou])le-furrow plough would 
often recpiire five or six lun'ses (*n heavy land and except under 
dry conditions, these would all have to walk in the furrow, because 
of the puddling caused if they walked on the unploughed land. So 
many horses in single file would be awkward to manage and con- 
siderable difficulty w^ould arise at the headlands, for one horse 
would hardly pull the plough out at. the end of the furrow. With 
tractor jiloughs two, three or four furrows are common. 

Of rather a different tyyie are one-way [doughs — curiously 
named impieTnents sinee their distinguishing feature is that they 
can turn furrows in both direetions instead of only one. With 
these, all furrows are laid in one direetion — c.g., to the north. They 
are of several forms , the most popular heing the balance and the 
turnover ])lough8. The })a.Iance plough is really two separate 
imyilerneiit s w ith a single ]»air of wheels (Fig. 8). Whilst one plough 
is ill action tiie otlier is carruMl in a vertical position in front of it ; 
wlu'ii the headland is reai hed the jilough that has been engaged is 
lifted up and this brings the otlicr oiu* down into position for the 
rt'turii journ(‘v ; as the horses walk round on the unploughed land 
the draught chain slips under tiic wlieel on that sid(‘, so that no 
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iiiiliookiiig IS Dcccssarv Steam y)loughs are, of cours(‘, multiple 
balance plonijliH Iji fiie t.arii-ov(*r plough tlnu'c ar(> two bodies 
fixe(i to (.)!U' bcatij. VV lieji OTIC is at work tbo other is carried hori- 
7,ont;vl!\ and u}isid<* down ‘dioM-it ; at the leaullaud (he iniplemiuit 
IS turned over on to a disc at the emd of a projei ting stalk, and as 
the horsf's get round tb,- uiioh* is piilhai right o\cr witli the oilier 
hofl\ I'ca.d} to cfiga-gc. Ojio way [douglis elmnnab Irmibh^ of 

setting out iidges, but ihougli they enjoy a. c.(n'l.ai}i j )(.)fjnlari( in 
some districts t[i('\ show' little sign of s}e<*ad]ng It i^ < h‘ar that 
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thoy may be convenient in special cases, such as when it is required 
to plough close up behind folded sheep, and they are common for 
ploughing strips in market gardening and fruit growing. 

Special Ploikihs. — Thci ridging, or double mould -board, plougl) 
IS used in growing potatoevs and- except in southerly districts — roots, 
it has a short share with a narrow cutting edge perpendicular to 
the line of draught, no coulter, and a mould- board on each side of 
the body ; it is only u.sed after tlie land lias been broken u]) with 
an ordinary plough and lias been worked to a fairly fine condition. 
Tn its passage it excavates a triangular furnnv , pushing and lifting 
the soil into narrow ridges on eith<‘r side without inverting it ; 
furrows are opened at 24‘ to 30 in. apart and then the two little 
ridges betwi^en each tw'o furrows form oiu* broad, well set-uj) ridge. 
With the oliject of keejiing the ridges accurately at a constant 
distance a])art, ridging piougiis are fitted with a marker, whieh 
scratches along the surfa(;e to give the line for the next furrow. 

The pcytato digging plough is used to get the tubers out of the 
ridge when harvesting the cro}>. It has a share similar to the 
ridging plough and this runs under the tuhrrs in the ridge : the 
double mould board is reqilaeed by bars wlncii slant upwaiais and 
backwards from the share {in most cases mould- boards or liars can be 
titled to the same body so that one impkuiieiit can be iiiiuh* to ser\e 
two purposes). As the plough is drawn along tlu wholes ridge is 
lifted up the slanting bars, but tlie soil tmids to fall through them, 
l(‘aviug the tulau's on the surface, in general, the iinrdement is 
reasonably efficient, hut it does not expose the tubers so well as 
the ])olato spinner, whose r(^volving arms throw' them right cl(*ar : 
It is useful, however, as it will work when the potato tops havt* not 
diiai densn suliiciently , or when tht' ridgr.^ are too ma.ssn e for the 
spiiuuT , also, as it leaves the tubers behind it, rather than throwing 
them tt^ one .^ade, n is u.sefui for lifting the outside rows (.)f a field. 
Further with small acrtaige <.)r wiiere the number of pickers is 
bmited. it i.- useful to plough out ev»‘r\ other row for it is not 
m'cessarv for the pickei's to ket‘p pace, with the plough in that case. 

iSpceial ploughs are also made for lifting sugar IxaU, as. except 
on the loosest soils, i hest^ roots ran only bt' pnilrd by hand w ith 
great dilhculty 1di<-re a.re a. variety wavs ot loosening bia't, 
but the most common implement is a jkough w'iiose body is tiat 
and very de< p, w ith i he front edgr sliarpeiied The plruigh is 
drawn aUme one .-ide of a row of bt-f t and earru's a sharT.‘ on the 
"^ide of Its hkwesl [ivunt vslneh runs undrr the roots this shai't' .-h »peB 
upwards and baekwards so that as ii ]>assrs ur»d*‘r root the latter 
IS lifted, i'rov'ilrd the share is not too worn, wlmn the- piongh 
rtius ruuud each loot. tii<' im})!'-meni is icxtren.^ l\ '‘th( lent b-a.viag 
t lie binU so lhal the\ r.iii be pulk d up- \eiy rasiF. 

p'Uieial dt pth of wicTiug s.>ils i>v abseil .^i\ tnciies, bu: at 
interwils and for special crops such as pota!o< and sugar l‘c(*t it 
ts desirable to stir the lower depths so that jilant r(w>ts can 
[lenetrate de('[>er d’his is the object of tin' sul.>soil plough, whose 
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only ^^orking part is a single forward pointing tine. The subsoiler 
works directly behind an ordinary plough, being taken along the 
open furrow' with its tine penetrating for a further four to six inches ; 
the disturbed subsoil is covered by the next fuiTow turned by the 
ordinary plough and thus the subsoil is broken up and aerated 
without any of it being brought to the surface. The same object 
may be achieved by fitting a subsoiling tine on to an ordinary plough, 
but owing to the greatly increased draught this is rarely done 
except when using steam power or a tractor. 

Cultivators. — Cultivators are wheeled implements carrying a 
number of strong tines (usually seven or nine, arranged in two rows) 
that stir the soil to a depth of four to six inches. They may be 
used to break up the soil in place of a plough, but they are more 
commonl}' used to break up the furrow slice, the direction of working 
being at right angles to that of the ploughing. Their suitability 
for this rests largely on the strength of the tines and the depth to 
wliieh they can penetrate. When working down a seed-bed the 
procedure is to start with a deep working implement and to follow 
with successively shallower ones, as then the seed-bed will be fine 
on top and firm bel()v^ ; if, then, a cultivator is used in the process 
its })]ace is next after the plough. 

One action of the cultivator is to lighten the soil and open it 
up, and this is particularly desirable when, as th(‘ result of much 
rain, furrows hav(‘ settk'd down in a “ sad ” curjdition ; the culti- 
vator lightens the soil by breaking the furnnN and allows vater to 
drain thioiigh it and air to enter. The cultivator also has a con- 
. iderahk' effect in bringing clods to the surface, where it is })ossil)l(‘ 
to deal with tljein, and m letting the finer soil dovn to form a good 
bottom to [ho soed-bed ; in addition to clods tlu‘ cultivator brings 
vvi-eds to the .MirJacc. v. here they can )>v e<.>llect(Ml and removc'd. 
hinall} thi> dt/ep stirring, if dom* \Ahen the conditions are good, 
lia.-^ a ver\ vonsiderable jmlverismg acUion. 'FiKue arc' many ditierent 
t_\pes of cultixator and tludr relative (‘fliei(‘n(‘\ in tin* nhow actions 
vaiC'S widely b('tu<‘(‘i: the ty])es. 

( nltivators may fitted with rigid or with s])rmg tim-s, d’he 
latter are tht‘ mon* ])0]>ular, but it might be urged in fa\'oiir of 
rigid tines that they face their wc)rk lietter, and (msure tdial tie/ 
soil IS mo\ed t.o the full depth to wliieh the imfilmueiit is sirt ; thee 
<11* iiiore suitable for deej) work and will break uji the sial belo\^ 
iht' jilough furrew, wher(‘as spring tines will only wofk as dee]) 
as tie ]>lnughing ; rigid tines are common on tractor cultivators. 
In the grubber t>]>e of cultivator the tines are straiglit or nearly so, 
but a greater j)ul verisiiig (diced is fibtaiiied \^hen tlicy are (curved 
with the insi(l(‘ of tlu' eur\ e fa( ing tfu* work, th<‘ ksi.soij for this is 
that as the imphnuiit moves forward th<‘ soil piles up in front of 
• aeli t in(\ a lid il t he l:i t t<‘r ha.s a eui've' t he eotumn of soil is bent o\'m' 
on itscli the juiiKiplc em})loy(‘(i in th(‘ digging plongh. In soim 
inijiiements ties cuiwe is only for a short kmgth neai' tiie ])oiiit of 
tlu' tinc^ and the remaimier is short and vm'tical. wliieli heljis in 
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clearing rubbish ; the more common form of curve, however, is the 
sharper one shown in Fig. 9, which leads to greater pulverisation. 
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Special types of rigid tined cultivators are the three-drill grubber 
and the broadshare or stubble cleaner. The former is used for the 
deep stirring between the ridges soon after potatoes are Y)lanted, a 
single strong tine (or sometimes three tines) cutting deeply into 
each furrow. Each tine can be fitted with a double mould-board 
so that the implement can also be used as a ridger opening out 
three ridges at once ; this has the added advantage that if the 
same implement be used for both operations the ridges will be 
placed exact!}' right for the operations of the tines. The broad- 
share has a strong rectangular frame carrying three or more 
stout tines, each bearing a very broad share (about 18 in.) so that 
all the soil in the breadth is mov^ed. The penetration is only about 
two inches but this is sufficieni to give a bed in which the surface 
weed seeds will germinate, to be destroyed later in the subsecpient 
ploughing; in addition to causing seeds to germinate the implement 
cuts all growing weeds and many arc killed, es])e(‘ially if the opera- 
tion be followed by dry weather. The broadshare is not a common 
implement, but it is a great help in keeping land clean ; the draught 
is very heavy, a tractor being needed to pull it. 

For most conditions spring tines are more efficient on a cultivator 
than rigid ones, because their vibration during work aids materially 
in pulverizing the soil. The vibration also helps in (blearing the 
tines of weeds, and there is less danger of breakagi* if an obstacle 
be struck ; it is further claimed that the draught is reduced. The 
spring is obtained either by making the tines themselves tiexible 
and resilient, or by having rigid tines working against circular 
springs in the frame, or by both methods. 

With the exception of the stubble cleaner the points of cultivator 
tines are narrow or chisel shaped, though there is some variation 
between makes. In recent years models have been jiroduced to 
the tines of which vertical knives may be fitted ; the implement is 
then termed a grassland rejuvenator, its object being to make 
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cuts through turf to a depth of four or five inches, to open it up 
and aerate it. 

Cultivators have two control levers. The ])osition of one 
deterininos the depth of working and somctiinvs the angle of entry 
into the soil, whilst the other is for raising the tines clear of the 
ground. It is very important that the tines should raised before 
the implement is turned or they will be bent. Cultivators for use 
with a tra(.*tor are fitted with a self-lift. The tractor driver pulls a 
bar forward by means of a piece of string, and t his engages a toothed 
are into corresponding teeth on one of the wheels ; the tines are 
wound up out of the ground by the wheel’s rotation, and on com- 
pletion of the turn at the headland, another jerk on the string 
releast's the arc and the tines drop back to tlieir work. Similar 
sclf-lift devi(‘es are titled to tractor ploughs. 

Harrows. Harrows ditfer from (uiltuators in liaving no wheels 
They also have many more times for the saim* width of working 
(the lateral distance apart of the tines lx hug oju‘ and a half to three 
inches, as (compared to six to nine inchees), and consequently the 
pulverizing action is greater, although the tines are nearly, if not 
quite, straight In g(m(‘ral they may be regardixl as surfae.e working 
implements, though the depth of pemh ration varies extremely 
between the many diffenuit types in us(.*. The act ion of the common 
forms is very different from the eultiva-tor. for whilst tlie latter stirs 
up the soil, harrows ha,ve a eonsfhidat ijig ('fft^' l ~ -in fact, it has 
boon said that the harrow' is the lx\^l roller 

The common form of thc' impimmuit is the zig zag shown in 
Fig. Kh where the closeness of tiu* working tracks is well illustrated. 
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Several advantagew accrue from having separate small sections on 
one draught pole. The implement conforms more to tlie inequalities 
of the ground, turning at the headlands is easier, any section can 
he lifted easil}' by hand whilst in motion io allow it to clear itself 
of weeds and the sections can be ])a(;ked on to each other when 
moving from field to field. 

The rigid framed (i.e , each section is rigid) zig-zag type is made 
in all gradations of weight. The heaviest ones may need four 
horses, and will penetrate the soil to a considerable depth, indeed 
some are now available in wiiich the front three rows of tines are 
chisel ended and point forwards, so that the whole is drawn very 
deeply into the ground, giving it miudi the s<ime action as the 
cultivator, with th(^ advantage of the greatiT number of tines. 
The common heavy typ(‘ has duck footed tines, i.e., tines wdiich 
are flattened and jiointed forward at their tip and they Umd to 
hold in to a depth of about three or four inches. These heavy ones 
are often called drag harrows and their function is to stir the soil 
to a depth of perhaps half that of the ploughing, to break clods and 
to bring weeds to the surface ; thus their place in the preparation 
of the seed-bed comes next after the cultivator, which in fact 
they often dLis})lace altogeth(n\ The term “ drag -bar row " is 
commonly used to denote any type of harrow witli curved tines. 

Lighter harrows ari^ made on the same pattern hut liave straight 
and shorter tines; their function is to work tiie surface, breaking 
down the smaller clods, giving the mould iu‘eessary to c*over the 
.seed properly and to ]('av<‘ the b'va l. In general a farnuT uhll 
[>ossess thre(^ grades of zig-zag hariows- drag harrows, intermediate 
c>r two-hors(‘ harr<.)\Ns and a liglit singb‘ horse set ; the last are 
usually called se(*d liarrovs, as oik* of their maiti uses is to c(.)ver 
the seed after the drill It must not he supposed that a cultivator 
and all three LO’ades of iiarrows are always used in preparing a 
simmI bed ; if tiu‘ wtuitlii’r is favourabU* one or two 0[)(U'ation8 after 
tlie ]doug}i may sufllce. but where a number of impiemenls are 
(‘inployi'd, the secpienee is from the heavy, dee]) working ones to 
the light, shallow ones 

All the above-intuitioned barrows ba\'(‘ oiu* featun^ in common, 
namely a rigid franu* for «*ai*h st*etion. Hi is iiia\ be an advantage 
in some respi'cts as the irregularitii^s of the i/rouiid (uiuse the 
sections to swing laterally and to go forward witli a j(‘rk\ imnion, 
which iielps to smash clods. It ])osse.sst‘s a. sn ious disaiL antage, 
however, in that, some of the tines may ride clear of the ground 
for consi(i(‘rable distances, as wlum a furrow is being straddled 
Of an aitog«‘t}ier ditl'erent ty{»e are ehain harrows which iiave no 
rigidity and so fit elosidy to the ground howt-viu’ uneven the surface 
may be. Tiiert' art' a number of dith'rt'iit forms of th(\se Ilexible 
harrows but esstuitially they all (‘tmsist of series of links. Their 
penetrative^ powt^r is ])ra(dically nil, but they are useful for rolling 
weeds together afttn they have been brought to the top and to 
make a tine tilth on the surface ; they are v(*ry commonly (‘mployed 
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on grassland to spread manure and molehills. Some chain harrows 
are provided with spikes, which vary in different makes from one to 
six inches in length. Such an implement, combining the penetrative 
power of the tined harrow with the flexibility of the chain harrow, 
is very useful in giving a tilth, and, if the spikes are long, is 
extremely efficient in tearing out a mat on old pasture. 

The spring toothed harrow consists of a number of sickle-shaped 
tines mounted on a rigid frame, which is usually made in separate 
setdions as with the zig-zag type. The angle at which the tines 
enter the ground may be varied and this determines the depth of 
working, which may be anything from a mere scratch on the surface 
to four or five inches. It has the advantage of being able to do 
much the same work as the cultivator or as various grades of 
harrows, which therefore it may displace on a small farm. This 
implement can also be obtained fitted with wheels and a self-lift 
mechanism for tractor work ; in this form it is really a low built 
cultivator and the great number and resilience of the tines makes 
it very efficient in giving a tilth. 

The pitch-pole harrow is an implement of recent introduction, 
which has attained some popularity for tearing a thick mat on old 
pasture, and also for working arable land. It carries two sets of 
knife tines ; when the set in work blocks a jerk on a handle trips 
the other set into work, the former revolving backwards and 
clearing themselves of rubbish. The implement has a very drastic 
action and the heavy draught necessitates a tractor. The whole 
is built on one rigid frame so that it is not efficient on uneven ground. 

Of an entirely different type is the disc harrow. This implement 
has a series of saucer shaped discs (of 12 to 10 in. diameter, and with 
sharp cutting edges) mounted about six inches apart on axles. The . 
axles may be adjusted so that the discs run in the lint* of advance 
of the implement or at angles to it ; if set straight the di.scs cut to 
a depth of two to three inches, whilst if set at an angle \ hey do not cut 
so deeply but exert a grinding and rasping action on clods. The disc 
harrow is an implement of heavy draught, but is very useful in 
forcing a tilth when dry weather conditions give very hard clods ; 
it is also useful for cutting a turf or a trodden surface before it is 
ploughed over, so that the bottom of the furrow may not lie hollow. 
With tractors a double set is often used, the front and rear row 
axles being angled in opposite directions ; in some cases one row of 
discs is notched, this form being believed to give more mouid. 

Rolls. —The functions of rolls are to consolidate the ground, to 
crush clods and break surface pans and to level the top. Rolls are 
usually 18 to 24 in. in diameter ; for a given weight the smaller the 
diameter the less is the area of the surface in contact with the soil 
and consequently consolidation is greater and the draught heavier, 
(consolidation is necessary to give plants a good roothold and to 
press the soil particles close to the roots. This is often particularly 
needful in spring for autumn sown plants which may have been 
lifted almost out of the ground by frosts. It is often claimed that 



ROLLS 


49 


rolling brings moisture up from the subsoil by increasing capil- 
larity, and though this has been very generally accepted in the 
past doubts have been thrown on it in recent years ; an alt/crnative 
possibility is that consolidation, by pressing the soil more closely to 
the roots of plants, increases the efficiency of the latter in taking 
up moisture. The crushing effect on clods is very dependent on 
their moisture condition ; rolls must never be used when the soil 
is wet, but clods will not break down readily when they are dry 
and baked ; after one or two alternati(*ns of wetting and drying, 
however, they will crumble down easily under the roll. A surface 
pan, being a thin layer, will crumble readily when dry, particularly 
if the roll has a ribbed surface. Finally the levelling action of the 
roll is of great importance, for this it is often the last implement 
used before sowing small seeds, w^hose low food reserves necessitate 
shallow sowing, which is only possible when the surface is smooth. 
Surface evenness is also highly desirable for the w^orking of the 
binder or of the mower and to provide this the roll is often used 
in spring. 

Every farmer must have a roll available, but the implement is 
more in evidence on light than on heav\ soils, for on loose land 
consolidation is obviously more important. On heavier soils the 
function of the roll is more that of a clod crusher, and the greatest 
care has to be exercised in using it because of the danger of making 
clays run together, or “ puddle,'’ a condition that can only be 
remedied by weather and time. On heavy soils the roll is rarely 
used in autumn, because of the danger of winter ca])ping, and in 
spring it must be rigidly withheld until the land is dry enough ; as 
an old saying has it, “ a March roll makes an April fool.” 

Rolls an‘ made with a flat or a ribbed surface. Flat rolls can 
be obtained of a variety of weights but about one-half ton is the 
most common, this l)eing within the capacity of one horse. Some 
are made of stone or even wood but iron or steel is the more usual 
material. It is important that the cylinder should not be all in 
one section, as if so there is considerable disturbance of the surface 
in turning ; commonly there are tw^o or three sections and the total 
width is about seven feet. 

A ribbed surface is the characteristic of the ring or Cambridge 
roll. In this there are a number of narrow^ sections — t^ach two to 
three inches wide— ruimiiig freely on a central axis v ith a certain 
amount of play between them so that they may clear themselves of 
soil. Each section is raised in its centre to a narrow rim, so that the 
implement leaves a characteristic pattern on the surface of the 
field — a series of narrow grooves with very small ridges between 
them, the depth of the grooves below^ the tops of the little inter- 
vening ridges being about one inch. Ring rolls are usually made 
heavier than flat rolls and a seven feet width requires two, or some- 
times three, horses. The consolidating effect is therefore considerable, 
nevertheless, the lateral pressure of the rims leaves the spaces between 
the grooves quite loose and the surface of the soil is much less liable 
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to caj) after the rin^ tliaii after the Hat roll. The weight being 
coneentrated on Jianow rims tle^ ring roll is very effective as a clod 
crusher and will often smash them <lown when a Hat roll will not 
break them at all. Special advantage may be taken of the tracks 
left by a ring roll in the sowing of grass and clover seeds, which 
need covering with a very shallow layer of soil. If the seeds be 
broadcast on to a ring-rolled surface a large ])roportion will fall 
into the grooves, and then if a Hat roll b(^ taken over the field soil 
from the tops of the little ridges will be pressed into the grooves, 
giving a good cover to the seeds. 

The clod crushing effect of the roll is sometimes obtained by a 
very different im])lement, termed the planker or rubber. This 
consists of a set of Hve or six thick, heavy })lanks fastened together 
and lying not quite horizontally, so that one corner of each rests 
on the ground. When pulled along, tliese corners, wdiich are shod 
with iron, have a considerable effect in scraping pieces from clods. 
The draught is fairly heavy, two good horses being required, but 
it is a very useful implement when' the surface is dry and the 
soil below is still too wet to allow- the use of the roll ; in addition, if 
the clods be small and very dry the planker may be more effectivt^ 
in breaking them than the ring roll. 

Drills.-— The simplest and cheapest method of sowing seed is 
to broadcast it on the surface and to give it a liglit covering of S(.ul 
by barrowing. Tliis method has, however, the disadvantage of 
imeven depth of covering and much seed is left on the surface at 
the me^rcy of the birds ; furthermore it is ofUui ne(‘,essary to sow the 
seed rather more deeply in order to ])laee it among moist, soil. It 
was during the eigliteenth century that diilling su})[)lanttd broad 
easting, thanks largely to the pioneer work of Jeihro d ull. 

In addition to even dt*ptb of eoveruig (inliing may (daim sonu' 
advant Age as le^aviiig the seed in rovss so tliai .siihs»a| iieiit hoeing 
l)ecom(^s possible. ()n the other hand, restricting tltt* st^ed to rows 
means tliat much of the soil surface is hare, and .simay ui (aua^als, 
over crowding as w^ell a.s sparseness of ]>lant have hoih hern 
shown to reduce yield, where hoeing is not iiitiuidrd this may hr 
a <lisad vantage. It is deHiiiteh (dear that if tlie seed is drilled 
in rows it is of great importaru'e that tht* drill siiould doliva r it 
r(‘gularly. 

Where broadcasting is still carried out it is usually doiio h\ hand, 
or by taking a drill over the Held with the eoulteTs rai (' i (dear of 
the groimd. With the seeds of grasses and eloviTs, however, a 
hand seed barrow is ({uite commonly used. This ( (‘iisists of a long 
(eight to nine feet) b(rx carried transversely on an ordinary barrow 
frame ; the box carries the seed and has a sitkxs of openings in its rear 
side out of which small streams of seeds are passed by brusiies re 
volved by gearing to the front wheel. In some distrieds ‘ fiddles ” are 
used for broadcasting the seed of a variety of crofis ; the Hddk^ is 
carried liy a man and consists of a container from wbicdi the seed 
pours ahjwly on to a horizontal disc- which is rotaU'd to the right 
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and to the left by means of a toothed rod working in notches, the 
action being similar to that of a violinist with his bow. 

With drills two types of delivery are common — the cup and the 
force feed. In the cup feed ty|)e of drill tlmre are two corn boxes, 
a top one carrying the bulk of the seed and a lower one divided into 
chambers into wliich the seed Hows, I’ig. 1 ] . Through the latter runs 
a spindle bearing in each chamber a large vertical disc, from the 
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perijihery of vvliieh a series of cups protriidt* ; tlu^ s})indle is driven 
frotn otic of the travelling wlua^ls and as it rotates the cups pick 
u]) littl(‘ loads of seed and empty them into the funnels leading to 
tin* coulttu’s. l'h(‘ s(‘ed rati' is varied by changing the cog wheels 
connecting the spindle and th(‘ travcilijig wheel ;md thus varying 
th(^ rate of lotatiou of tin* spindle; in a-ddition.a, si^paratt* S[)iiidle 
with smaller eu[)s is supplied for use with small seeds. Another 
m(‘tlio(l of regulatioji, introdueed in a newer ty[)e, is by fixing the 
('lips so that the amount of their surface protruding may be varied 
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at will by means of a screw. The details of the force feed type 
of delivery vary considerably, but in general, there is some form 
of toothed wheel rumiing in the bottom of the seed-box, forcing 
seed out between its teeth. This method allows of rapid adjustment 
of the seed rate by altering the area of the teeth which deliver into 
the coulter funnels and has an advantage over the cup feed on 
hilly or rough ground, where cup loads are liable to great variation ; 
on the other hand some of the seed is broken in the force feed and 
trials have shown that there is little to choose between the two types 
as regards regularity of dehvery. 

The seed passes from the delivery mechanism by a flexible tube 
to the ground through coulters which cut tracks for it. In some 
drills the tracks are cut by discs against the lower edges of which 
the seed tubes open. Disc coulters are very useful for cutting seed 
in across plough furrows, but they provide a serious temptation 
to drill seed when the soil is not really in a fit state ; they are 
commonly employed under more extensive conditions of farming. 
The depth of drilling is determined by the pressure put on the 
coulters ; the pressure is obtained either by weights, by springs, or 
by means of a bar, running transversely across them, which can 
be forced down. Cup feed drills are usually fitted with weights 
and a pressure bar. 

Considerable care has to be taken in drilling to avoid gaps or 
over-lapping between adjacent drill breadths ; one travelling wheel 
has to be kept miming in the track it made during the previous 
passage. A skilful man can do good work without any aid, but 
for the best results some form of steerage is necessary. The commonest 
type is a forecarriage which is held to the line by an extra man ; 
alternatively there is a t\ pe of steerage? w hich is controlled from 
behind the drill by the man walking at the rear and watching the 
coulters to see that none of them gets blocked. 

Methods of delivery and tyjies of coulters and steerage can be 
combined in one implement in various ways. Tin* Suffolk drill has 
a cup feed, plain coulters and front steerage and is a w eighty imple- 
ment suitable for heavy soils. The Bedford drill differs in being 
lighter and having a steerage controlled from behind. The American 
type has a force feed, disc coulters and no steerage. A turnip drill 
for sowing on the toj)s of ridges has a different sort of steerage in 
the form of dished rollers, which fit over the ridg(?s and i un m front 
of the coulters holding them in place. These are the eommon 
drills in use in this country ; a numlier of other princi])les have been 
introduced into modern drills, but in general these are still in the 
experimental stage. 

A special drill is made for ploughing in beans and is quite 
commonly used ; tlie implement is small and fixes on to a plough 
between the stilts of wdiicdi it runs. It consists of a single hopper 
with a wheel running on the bottom of the newly opened furrow 
just behind the mould-board ; the wheel operates a cup feed 
mechanism and there is, of course, no coulter, the seed merely 
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dropping into the furrow bottom and being covered by the next 
furrow slice. The usual practice is to sow beans in every second 
furrow, though where the land is foul and considerable intercultiva- 
tion is desired, they may be put in every third furrow. 

Combine drills are becoming fairly common, their object being 
to sow artificial manure and seed at the same time. They carry a 
box for the manure in front of the seed box, and the manure is fed 
to the ground either through the same coulters as the seed or through 
a different set. Besides saving labour these drills have the advan- 
tage of depositing the manure close (actually just underneath) the 
seed, thus economizing it. Undoubtedly other labour-saving 
combinations are possible, but few are in general use in this country 
Drills are usually provided with rings to drag along behind the 
coulters and these may cover the seed satisfactorily and so obviate* 
harrowing where the soil is in a fine state, but they are rarely 
used. 

Drills in common use vary in width betwecni six feet i.\ inc hes and 
eight feet six inches, but much wider ones, suitable for tractor work, 
are gaining in popularity. They are sup])lied with sulficient coulters 
to give rows six inches apart; some old drills for sowing grass sc*eds 
can sow rows as close as three inches. Where wide rows are retpjired, 
as v’ith root crops, the necessary number of coultc*rs can be removed, 
the remaining ones correctly spaced and the un\^’ant(*d delivery 
funnels closed u]). 

Horsehoes. — The j)rimary object of hoeing is to kill weeds. It 
is carried out in the early stages of the growth of the cuc)}) — often 
as soon as the rows are visible — with the idea of freeing the latter 
from com|)etition until established. When the* crop gets big its 
s.uotlicring actiem will keep weeds in check and hoeing becomes 
impossible* because of the danger of damagnig the crop plants, 
particularly their roots. Weed destruction' is not, however, the 
only benefit from hcuung. As the weeds an* (‘ut just below the 
surface* of tlu* ground the* operation serves to loosen the toji inch 
or so and tlius a(*ratt' the soil : plant roots and soil organisms need 
ox^ gen and produce* carbon dioxiele* and eonsi'enH'iitly healthy 
growth demantis considerable* diffusiten of th«* fonneu into, and of 
the latter e)ut of the* soil, so that loe)sen(*ss at the surface is very 
desirable. It has been widely held that this surface* miileh is also 
of considerable \ ahie as a means of conserving moisture, Viy breaking 
e‘a])illarity so that water is not brought from the subsoil right to 
the sui'faee whe'ie* it will he* eva})e)rateel ; recent weirk, however, 
sugg(*sts that tilt' (‘ffeet is small anel is emly ojK^rative vhere* there 
is a wate'F table within from foui- to six lee't of the surface. Never- 
the h'ss lioeing d(K*s saae* ee)uside*ra ble q mint it ie*s of w ateT for the use 
of the- e-re)p by e*radicat iiig we*(els and thus pre*\i ntmg \'aluable 
sii])plics being dissipa1e*el by tlu-ir t raiisjeiral ie)n . 

d’lio meist (‘ffieie‘nt m(*tlioel of hoeing is by hanei, because in 
that it is peessihle to wejrk niueh closer to the crop rows, or even 
in tlK*ra. But heirse-hoeing is inueh quicker and consequently 
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cheaper, so that the whole trend now is towards more horse and 
less hand* hoeing. 

There are very man}" different horsehoes on the market ; a 
simple classification of them is into single and multiple row types. 
Single row horsehoes, though of course much less rapid in action, 
have one advantage in that they may he set to run very close up 
to the crop rows, for whi{.“h ]>iirpos(' they are made in an expanding 
form. 8uch a hoe usually carries fiv'e tines arranged in thiec^ lines 
in the shajK‘ of a v’(‘dge, thus though only a small width is covered 
that width is worked very thoroughly and there is also plenty of 
room l)etwoen the lines of tines for the surface weeds to clear them- 
selves. One man and one hors(‘ only are re((uir(Hj. The depth of 
w'orking may be regulated by raising or lowering the fore wduad, 
and the implement is most commonly us(ai between the rows of 
potatoes and beans (big. 12). 
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th<^ rows j)laiiily (‘iioiigh lo work close ii[) to them. ( Vin^ is necessary 
with tlie multiple row hoe to avoid euttinp uj) tin* crop plants and 
the man holding the liamlles is fully employ(‘d. so that he is usually 
gi\'(ui a boy to lead the one }iors(*. requirecl to pull the irnpleraerit 

Then^ arc^ two fairly distinct types of body fitted to rnidtiplerow 
fiorselioes. For working bfdvveen the rows of young ro()t crops a 
low t)uilt on(‘ gives greater control, hut wlien the tops of the plants 
g(‘t bigger tlu* bars of this tyja^ of body will jiot clear them and a 
higher built frame has to b(‘ employed. 

There are many peculiarit ies among the iTUf^Iernents in common 
iKse and two are particularly to he rf^comimuKh'd. One is built on 
the priiKuph* of liaving each unit of three tim's sprung .separatedy, 
so that an imapiality of the ground does not affect the whole 
implement. In the other, discs are fittr^d to run on both sides of 
each row of crop ])lants, so prevtuiting any soil from being thrown 
on them- - a matter of som(‘ imj)ortance w hen the plants are small. 

The form of the hladt's on tlu^ points of th(‘ tines has considerable 
effect on the w’ork done. For deep work chisel points, very like 
those of a (mltivator, ar(‘ h(‘st, whilst for nuMlium w'ork A-shaped 
blades are used. As the crop grows its roots spread laterally and 
deep stirring becomes undesirable and then L-shaped blades are 
commonly employed, particularly on the tines running next to the 
crop row's. Though useless against }>ereniiials these blades deal 
effectively with young seedlings, hut tiny require a fine surface 
tilth to work properly. 

Hor«*hoes are oc^casionally us(*d on cert^als (which have to be 
drilled in rows at least eight inches apart for the purpose), hut their 
more common use is on puls(‘ and root crops, the lat ter of w hich shoidd 
be horsehoed at least t wice and preferably more times, in addition 
to one or more handhoeings. With root crops much hand labour 
has to be expended in thinning out the plants in the row' and 
various implements have been designed to do this operation, but 
they have not provi'd very satisfactory. Plants may, in fact, be 
bunched by taking an orduiarv horsehoe transversely across the 
drill rows, hut hand singling is far more common as it is the only 
method in wdiich the ht'si can be made of a gappy ‘ ])laiit.” 

Manure Distributors. -Farmyard manure is usually spread by 
hand despite the fact that efficient distributors are available. The 
wide adoption of mechanical s])r(‘adiug is ])r(‘veutcd liy the initial 
outlay involved, since at l<»ast thre(‘ sp» 'ad(‘rs would he reipiired 
for the organi'/at ioii of a working set. With small holders and in 
other s})(H*ial eases. [iow(‘ver, t}u‘r(‘ v^ould appe-ar to Ix' an optuiing 
for them. Th(‘ imphuiumt is in the form of a low sided waggon in 
the bottom of which there is a t, ravelling band taking the manure 
to the rear, w^here it is broken up and thrown out by Ix-alers. Two 
horses are reijuired tlu^ load is about jr> cwt. and it is spread over 
a width of four to five fei't : the spreading is very perfect and 
eonsiderablv b(‘tt< r tlian can b(‘ acliieved by hand. 

With aitificial manunvs the position is th(‘ r(‘\(TS(‘, in that, 
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though they can be and sometimes are, sown by hand, they are 
generally sown with a manure drill. This is because they are 
concentrated, with the consequences that only small amounts are 
applied per acre and that even distribution is very important ; in 
addition, artificial manures are often very dusty and a man broad- 
casting by hand is subject to considerable discomfort, much of which 
is avoided by the use of a drill. 

Even distribution is the primary necessity with a manure drill, 
and this has become yet more important with the recent introduction 
of new , highly concentrated compound fertilizers ; fortunately these 
latter are crystalline, a condition facilitating even distribution. 
The fertilizer should be delivered near ground level, or it should 
be protected from the wind during its fall, otherwise bad work wbll 
be done during stormy weather. Some artificial manures, par- 
ticularly superphosphate, are sticky in nature and in the construct tion 
of a good drill special precautions are taken to prevent them from 
forming into lum])s and from ‘ bridging ' across th(‘ container as 
the latter em])ties. In addition, a manur(‘ drill shc>uld b(‘ easy to 
clean out and should sow the correct amount at eaeb setting. The 
latter id(‘al is rarely attained, and in all eases the rat(' of sowing 
should be cheeked after a small })ro})ortion of tin* work has been 
do]ie. Ther(‘ are many different types of manun' drill on the 
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markin, and though most of them do fairly good work there is still 
niueli room for improvement, part ieulariy as r^'yards evemif‘ss of 
distribution (big. l.‘l). 

In one type of distributor whi(di has (U)joy(si some po])ularity 
in the past, the f('rtiliz(T is (auitained in a roiiiid hopp^u from wiiieli 
a stream drops on to horizontally rotating discs, which broadcast 
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by centrifugal force ; some form of agitator is necessary in the 
hopper. This type gives a poor distribution, especially on windy 
days, and the commoner forms in use at present, have a long narrow 
hopper which extends across the whole width of working and which 
delivers all along its length. With this type of container delivery 
may be either from the top or from the bottom, if the latter, the 
actual mechanism may be a worm shaft, an endless chain, toothed 
horizontal discs, or a spiked spindle sweeping small quantities 
through holes in the floor of the hoj)per ; alternatively the bottom 
of the hopper may be occupied by rollers, either fluted, when the 
delivery is similar to that of a force feed seed drill, or smooth, 
when each roller carries a film of fertilizer which is brushed off 
by a scraper and falls to the ground. 

In all these cases there must be an agitator working inside the 
hopper ; this prevents bridging (i.e., the condition w^hen the 
material does not fall down to the delivery mechanism and a hollow' 
is formed above the latter), but at the same time it tends to get 
some fertilizers into a lumpy state. The advantage of delivery 
from the top of the hopper is that there is no }>art moving within 
the fertilizer mass (and thus no tendency to lurnpiness) and no 
danger of l>ridging. Tlu^ principle is that the floor of the hopper 
rises v(*ry slowly as the drill wwks, pushing the f('rtilizer steadily 
upwards; at the surfact* of the fertilizer a sjnndle rt‘volves. and this 
Ix'ars spike.s which sweep small quantities backwards over the 
edge. It must be accounted a disadvantage of this type that the 
manure has further to fall to the ground. 

Most drills will distribute any requir-'d amount from one cwt. 
to ten cwt. per aert* of any ('ommon artificial manure , they are 
eight to t(‘n feet in width, and one horse is sufficieiil to pull them, 
<-x(‘rpt on soft or very r< mgh ground. If the bags of manure are yflaeed 
cfuivenit iitly along the hec.dland, 10 to 15 acres should be covered 
in a day. 

Tim (“oinhiimd seed and manun‘ drill, w liich economizes fertilizers 
hy plaeing them imnuHliately below the rows of crop plants, has 
aln ady been mentioned (|)age 53). 

Labour Required and Acreage Covered. The draught of an 
im])knn(‘iii varies between wide limits accordmg to the nature 
and condition of the soil, and to the depth and the width of working, 
so that the same impbum iit may require two, tliree or four horses 
to ])iill it at different times and on different soils. Similarly the 
aen^age c‘overed is very variable ; it can readily be calculated 
that if a t(*am w'alks at two miles per hour then a plough turning a 
fl inch furrow will co\'er an acre in five and half hours, but in actual 
practice much longer would be taken, because of the time wasted 
in turning at the headlands and of the many little rests that are 
taken ; for this reason considerably larger areas are covered in a 
day when working on large square fields than wdien on small 
irregularly shaped ones. It follows that no very precise figures as 
to horses required and acreage covered can be given, and those in 
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Table 1., must only be taken as general guides for the conditions 
stated. 

The heavier implements are often drawm by a tractor working 
longer hours and moving more quickly than horses. Recent work 
has 8ho^\7i that s])eed is desirable qwr as the draught of a tillage 
implement does not increase m direct pro])ortioii to its rate of 
progress : thus the force required to pull an implement at four miles 
per hour is less than double that re(pnred, under the same working 
conditions, to ])nll it at two miles per hour. Tractor im])lements are 
U8\ially of greater width than the corres])onding horse implements, 
in which case the area worked may be three, fo\ir or more times 
as gi'eat as tin* figure givem : for (^ase of comparison horse traction 
only is considered in tin' Table. 'Fliref^ or four horses can be 
hitched abreast and managisi by one man, but it is still common 
to have larger t(‘ams than two in two lin<‘S, the frotri ones being 
controlkul by a boy. Tlu^ time spent a(*tually working by a t(‘am 
(d }iors(‘s rarely exceeds s(‘ven lionrs in a day. 

T.vhi.e I. 
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Haymaking Implements. Fiie grass m()wcr wliieh, vrhorevc^r 
possible n inwariably esr'd for cutting ba.\‘ orops, is illustrated in 
big. 14. The (‘ssf ntial part of tbo nuu'buH' is th(‘ cult<'i bar which 
iu \ cry elos(‘ to tli<‘ gro?m<{. and bminr tloxiblv attached to tlu^ bod\ 
ot the inaciniKc etiiitonih'^ to ina'pidant i(‘s of 1 li(‘ smiata*. It cairries 
a St ri(vs o! fingtas tlirouidi v\hi< h die knifo tia\c!s, the latter having 
a !‘apitf reciprocal iiig inoNanauil imparted to it b\ a connect mg rod 
Iforn a. (‘rank \\lie(4 winch is g(*a-r(‘d to one t4 (Ik* tra\a‘lling wluads 
'4 tie* macluiMc The j<nitc consists of a Jiarrow l>ar to wliich are 
n\ cited V-shaped s(a‘tions, each of three inches brt^adth at the base , 
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tlie motion of th(^ knifo through the fingers gives a eutting action 
similar to that of scissors, th(‘ edges involved i)eing those of the 
sides of the sections and those of hard l(‘dg(T ])lates fitted to the 
lowe^r faces of the slots in the fingers. 
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Several nonditions are necessary for ]Krl(a‘t work. First 1\, tlie 
knife must nm tru«' in its jiath ; a common fatill in this conncL':io^n 
arises tlirougli tlie hetiding hack of t}it‘ track hoard (aid of the 
cutter har, and another through the vertical sagging of the bar in 
the mi(ldl(‘ of its length ; (‘it her of these U‘ads to strain being ])ut on 
the knife, incr(‘asiiig th(‘ draught eonsiderahly and giving a tearing, 
rather than a eutting. a(*tion on the grass. Seeondly, the ledger 
plates of the tiiigms must not he worn, for in that (‘as(‘ theii edges 
will he dull and ronn(h*d, and again the fierhage will h(‘ torn rather 
than cut ; they should he ground down or reph;(*(‘d as noeessarv 
Thirdly, the knife caps must be eorn‘eMy adjusted ; these are fitted 
to the entttT har and project over the hack of tlu' knife,, holding 
it down to its work ; whilst they must not pnzss ht‘avily (.in th(‘ knif(' 
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sections, the clearance should not be more than the thickness of a 
sheet of paper, otherwise the cutting edges of the knife and of the 
fingers will not be in contact. Finally, the edges of the knife sections 
must be sharp and this usually necessitates filing after about two 
hours work. A machine is supplied with two knives so that one 
may be sharpened whilst the other is in use. 

Lifters may be obtained for fitting to the cutter bar when 
working with crops, such as peas and vetches, which lie almost 
fiat on the ground. Their shape is that of a large finger, and they 
protrude about two feet forward, their upper bars sloping upwards 
and backwards ; the stems of the crop plants ride up this slope, clear 
of the knife. Other features sometimes incorporated in the grass 
mower are two-speed gearing (the lower speed of knife being used 
with clovers and easy work), and an oil bath enclosing the crank 
shaft and gearing ; in the absence of the latter frequent oiling is 
essemtial. Whilst standing still the machine should always be 
put out of gear by means of the clutch provided for that purpose : 
for travelling from field to field the cutter bar is raised and fixed 
in a vertical position. 

A machine cutting a width of four feet six inches is well within the 
capacity of two horses, which can be expected to work for about six 
hours ; in some districts it is the common practi(;e to have three horses 
in the field when a full day’s work can be done, eac^h horse being 
restexi in turn. Ihider good conditions ratluT over an acre is covered 
in an hour, but the speed of working is greatly reduced when the 
crop does not stand up well. The machine may also bt^ used with 
a tractor, but to employ the latter to the best advantage a special 
implement is desirable ; this consists merely of a cutter bar, tlm 
knife being driven direct by a power take-off from the tractor. 
Such cutter bars take a greater width than thos(> of horse-drawn 
machines ; in this cas(‘ there is sufficient, power for taking much 
greaUu' widtiis, but expansion is limited by the t(‘nd('n(‘y of th(‘ 
bar t,(j sag in the middle and by th(" n(‘(H\ssity' of conforming closely 
to the surface of the ground. 

The general method of making hay is to leave it in the original 
swatlu* for about two days after eutting and then, if the wcathcu- 
be fine, to turn the swathes over so that their under sides may b(‘ 
exposed to the vund and the sun ; in unsettled weather this may 
have to be r(q)eated several times, until tlie swathes are c Uisulerod 
sufficiently dried to be collected, when four are yuit together into 
one windrow to facilitate loading. For this purpose a variety of 
Swathe Turners ” is availabk^, and most of them are (‘ffieient in 
that tliey turn the hay over gentl}^ so tliat the b^af (espc'cially of 
clovers) does not fall off, and also in leaving swathes which are loose 
ajid light, a condition necessary for rapid drying, (lood work is 
performed by machines which have sete of whirling tines or discs 
carrying small, free swinging forks, but the type illustrated in 
F'ig. 15 is particularly to be recommended, because of its versatility. 
That implement is often termed a “ Side Delivery Rake,” since, when 
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working with all its prongs in position, two swathes are rolled 
together to one side ; hy travelling in the opposite direction two 
more may brought u]) from the other side, giving a windrow of 
four swathes. If, however, tlie centre sections of the rakes bo 
removed each swathe will be turned separately. 
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A third possibility o.xists with this machine, for its action may 
be reversed and q\iickened, in which case the swathes are broken 
up and the material spread o\it. This so-called “ tedding ” is to 
b(* a\'()ided if possible*, because a considerable proportion of h'af is 
lost, whtm it is done and especially in the subsequent collection, and 
it is rarely necessary in the drier districts of the country ; howev(*r, 
although the best hay is made by keeping it in the swatlu* until 
ready for the windrow, if very wet weather is expericuiced it will 
get soaked right through and the only means of (Irving it may b(* 
to sjiread it out. A special machine the Tedder ” is available for 
this pur])ose, but its action is drastic, and it is not so popular as it 
was formerly. 

Where the material has been tedded it must, after drying, \)c 
coll(K‘ted together again by a Horse Rake ” (Fig. lb). This 
implements gathers up all loose material on the surface of tln^ ground 
and when full is emptied by pulling the operating handle, which l aises 
the teeth ; it is light in draught and is now made in ever increasing 
widths to economize labour, some folding device, or means of si) ut t ing 
it up like a concertina, being incorporated to enable it to pass througli 
gateways, it may also be used to. (‘ollected swatlies wlu ii \eiy 
heavy rain has bi*jiteii them into the ground so that the side d liM iy 
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been evolved to do this work more exjHMiitiousIy and they have 
spread rapidly into praetiee. The ‘‘ Hay Ijoader ” picks up material 
from the windrow and is hitc^hed to th(‘ hack c)f a vehicle on to which 
it delivers , in one ty])c the principh; is similar to that of the 
elevator (Fig. 17). whilst in anotlnn* the hay is raised by reciprocating 
bar rakes. Work is facilitated !)>• fitting sk(‘leton sides to the 
vehicles to be loaded. l>(‘aling with the material on the load as 
it is delivenu) tliere is h(*avv work, as it becom(‘a matted together 
in a continuous stream, and two men an^ fully emjdoyod. A chain 
horse is usually attached wliilst loading, as the implement increasf‘s 
the draught of the vehicle considiTably : t he loader is actuated by 
gearing from its own travelling wlnads and can rapidly he transferred 
from one cart or waggon to a,noth(‘r (Fig. 17). 
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The movement of the hay from the load to the stack has also 
now been largely mechanised, the implement most commonly 
used being the ‘‘ Elevator ** (Fig. 18). By means of lifting rods 
the delivery end of the elevator may be raised or lowered ; thus at 
the bottom of the stack its platform will be nearly horizontal, the 
angle being increased as the stack rises. An endless, fork -bearing, 
chain travels along the platform carrying the material up from the 
hopper, into which vehicles are unloved ; the hay has thus to be 
moved downwards by hand rather than upwards, and in some 
elevators the hopper is especially low, seme machines even picking 
material up from the ground. Motive power is supplied by a small 
petrol engine or by horse gearing, the horse walking roTind and round 
in a circle ; the same implement is also used for straw when tbreshing, 
in which case it is driven by a belt from a pulley on the threshing 
machine. 

Another method of transferring hay to the stack is })rovided 
by the “ Horse Fork.” This consists of a grab, suspended on 
ropes from a crane or from the beam of a barn, the ropes being 
attached to a horse at their other end ; the grab is lowered on to 
a cart or to a heap on the ground, the fangs enclosing a large bulk 
of hay, and is then raised by leading the horses away. Having 
been swung over the stack the grab is released by a pull on a cord. 



liav Swee]is ” have been iutrodnevd during n'c rnl :uul 

;ire rapidly gaiiuug a larger footing in pra('tlc(' ht-caiisc' of thn sa\ me 
of labour ass(H'iatt‘d with their use. A eoimnon form has l:.!tert h 
protruding 10 ft. to the front m a. widtfi of VJ to if) ft it is pulled 
by two horses, oju* walking on (^aeh sidir and is pr(»' ided with a 
seat at the rear for the driver and usually has a lifting rncelianism 
for the teeth, to diminish the danger of tlnur penetrat ing tiu^ ground 
where the latter is uneven. Sweeps may also be attached to tin 
front of tractors. Hay may b(‘ pieki-d up trom wrndrovvs, from 
eocks or from the swathe, and half a eart if*ad may be (ollccted at 
once. As may be imagined the work is extremelv ra}>itl, (uialilmg 
the farmer to take full advantage of fleeting spells (d tine weather 
this is an important (‘onsidiTation. hut against it must be set the 
fact that sweeps .:an only b(^ usf‘d where thf‘ stack is made in the 
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saiuo tioUl and that th(‘V an*: unsuitable for use (jii very uneven, 
ground, in a field with high-backed ridges. (Figs. \fi and 20). 

llie height of ra])idity and the minimum of labour expense are 
reached where sweeps are used in conjunction with a “ Stacker.” 
This implement consists essentially of a long arm to the end of 
which teeth, similar to those of a sweep, are attached. The arm 
is Jai(i along the ground uith the teeth pointing away from the 
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sta(;k and a svn (‘cp is driven up to it arid theji backed away, leaving its 
load oil th(‘ teidli of the stacker. The arm is then raised by a small 
]>etrol (‘iigine and as it fiasses the vertical and travels backwards 
over the stack the hay falls down on it. 

HARVESTING IMPLEMENTS. 

Although th(' grass inowtu- is o(‘casionally ustal for cutting corn 
(wh(*ii the crop is very badl\' hiid), it is not very suitable for that 
})ur[)os(‘, b(‘caus(‘ it gives a continuous swatht‘ and does not clear 
the way for tlu' horses for the next round. These disadvantages 
are overcome by the " Sail Reaper ’ (Fig. 21). In this machine 
the cutting mecliaiiisrn is similar to that of the grass mower, con- 
sisting of a recijirocathig knife working through fingers, but the 
cut corn falls back on to a })latform. The chief feature of the 
machine is a series of four or six revolving rakes which sweep the 
corn to tlie knife and then clear the jilatform, depositing the cut 
material in sheaves to one .side. Two horses are sufficient to pull 
the machine and it is prefiTred to the more complicated binder for 
laid corn becausi' the latter cannot deal effectively with twisted 
material ; it is tin* usual implement (Muployed to cut seed clover, 
where great care is nee(*ssarv to minimize shattering. 

Machines for cuitting corn were improved step by step until in 
1876 a large advance was made by the production of the “ Binder 
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bar may be varied, its flexibility in this respect enabling it to act 
efficiently under widely differing conditions. The cutter bar carries 
fingers through which a reciprocating knife works : the speed of 
the knife is less than in the grass mower, and the stroke is longer, 
because^ of the greater ease of cutting ripe corn (compared to grass. 
Having be(m cut the corn falls back on to a j)latform, which is 
approximately horizontal, but may be raised or lowered and tilted 
forwards or backwards as conditions require. An endless canvass, 
strengthened by narrow wooden slats, travels over the platform, 
moving the cut corn to one side, where it passes up an incline 
between two more moving canvasses : elevation of th(^ material 
is necessary to carry it over the main travelling wheel. Being de- 
livered by the canvasses at the highest point of the machine, the 
corn slides down an inclined deck on the side of the ma(diine away 



from tie* ciilttM’ bar; here it is ]>acked by ra})i(lly moving arin^ 
vshilst th(' butts arc straightened by a board. Tin* fall of the 
mat(*rial down tiu‘ incline is arrested by an arm, and when sufficient 
weight has c()ll(‘cted tlie pressurt' trips the tying mechanism into 
action. Th(‘ end of the string is held in a retainer, from which it 
passes on the outward and under sides of the sheaf in process of 
formation, bedow th(‘ deck, and through the eye of a large needle 
to the string receptaede ; winm the tri]) sets the needle in motion it 
carries the string nuind the inward and u})per sides t)f tln^ stioaf to 
the retauKT, when^ it is caught, and the encircling of the sheaf is 
completed. At this moment two short knotter bills taitch the 
double string near the retainer a.nd, by ]>erforming a quick revolu 
tion, form a loop in them, tin' bills then opening and seizing the 
strings. At this stag(‘ thre(‘ didivery arms throv' tlie sheaf clear of 
the machine, and its eight draws the looj) from llu^ bills over the 
ends held by them, thus making the knot, hollowing this the 
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strings between the bills and the retainer are pressed against a 
short knife blade, whic^h severs them, and the ruMMlIe rtnuxles be- 
low the deck again, l(^aving the end of the string in th(^ retainer, 
whilst the short cut end falls out. The whole tying meehanisni 
may be moved forwards or backwards by a lever, so that whatever 
the length of the straw, the band may be put in the middle of the 
sheaf. Normally the sheaf falls to the ground, but a sheaf carrier 
18 usually employed to catch those deposited just after turning a 
corner and to carry them sufficiently far to ensure that the horses 
do not walk on them during the following round : the carrier con- 
sists of long tines which protrude outwards for cakdiing sheaves, 
but (otherwise are folded toge ther below the machine, their position 
being controlled by a foot lever operated by the driver. 

All the moving /)arts of the binder are driven normally by gear- 
ing from the main travelling wheel running in the centre of the 
machine, and though this is satisfactory under most circumstances, 
it has its draw ba(hs, for the force required in operation accentuates 
any tendency of the travelling wlieel to skid. When the ground is 
soft eonsideral)le delays may be caused through this. Since the 
general adoption of the tractor, power binders have been intro- 
duced, and in these the moving parts are driven by an independent 
take-off, for wiiich most tractors provide facilities. Besides saving 
skidding tiiis nu^thod of drive has the great advantage that forward 
motion may stoj)j)ed and the mechanism may still be kept work- 
ing until all cut material is cleared ; this is a great help when deal- 
ing with laid and twisted corn. The pow'^er take-off must be fitted 
with a catfii spring to break tlie transmission when an obstruction 
occurs, sucli as a stone in the cutter bar, otherwise serious breakages 
may result. 

Horse-drawn binders have a width of cut of five or six feet and 
r(^quire three good horses, which can only be expected to work for 
about five hours ; the common practice^ on all except very small 
farms is to use six horses in two shifts, and then about 10 to 12 
acres are covered in a day. Where the (*orn is laid it may only be 
})os.sible to eut along three, two, or evaui one side of tlie held, the 
aen^age coven'd bting reduced almost C()rres])ondingly Tractors 
movui more (juickly than horses and arc used with hindiTs taking a 
width of u|> to eiglit feet. Such a combinat ion may cov(‘r 25 a(T( 3 s in 
a day. llnfortunatcly the binder, in its working state, is \oo wide to 
n(‘gotiat(^ a gateway, and when this is nec.(‘ssary the shafts iiave to 
be moved and hxed on tbe under side of the }>latform, ihe i»>achine 
then travelling sideways. 

The binder, being an inf rie.atc^ maehine, demands considerable 
care, and should be thoroughly overhaided before each harvest. 
<h)od twine is essential as economy in this respect leads to many 
st.oppages during work ; a good crop needs about one 5^ lb. ball 
])er acre. Friapient oiling is essential, and special care must be 
taken to kec]) tlie canvasses dry, because they shrink <jn wetting, 
and if this happens wlien they are tightened they may tear. When 



left in the field over night the canvasses must be slackened and 
the matihine covered with a cloth and sheaves. At the end of 
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harvest the canvasses should be removed, the working parts cleaned 
and oiled, and the machine put under cover for the winter. 

Larger and more complicated machines have* Ixm'u dtweloped in 
other countries to economize still further in la})oiir : their function 
is not only to harvest, but also to thresh the corn, and there is little 
doubt that the cost of these operations may be very markedly re- 
duced by their use. In one type the ears of the crop are cut and 
threshed by the same machine, or after cutting they may he carted 
to a stationary thresher : the straw in this case is burnt or turned 
in by the plough. The '‘Combine Harvester ” (Fig. 23) cuts the 
straw and may leave stubbie but little longer than that of the 
hinder : it is a heavy machine but its draught is within the capacity 
of a tractor, its working parts being operated by a petrol engine 
incorporated in its design. The width of cut varies from 12 to 20 ft. 
and the area covered per hour from two to four acres. The c;orn ma}' 
either be dumped in sacks or may be accumulated in a container 
on tlie machine, which is emptied at intervals into tank waggons ; 
the latter method has proved to be the cheaper. In some cases 
the straw is left in a windrow and is subsequently gathered by 
sw^eeps and stacked ; in other cases it is spread out ready for turn- 
ing in with the plough. Another possibility is to hitch a baler be- 
hind the machine, but this has not proved very satisfactory, as it 
occasions considerable waste time. The tractor and combine can 
be operated by four men, or even three where the c*rop is light ; 
the crop must be dead ripe and it is left for about a week or ten 
days later than the time when it would be considered ready to cut 
with a binder. An alternative method is first to use a machine 
that cuts the corn and leaves it in a windrow : rather a long stubble 
is desirable in this case, as then the windrow^ is kept well off the 
ground and dries very quickly : later a combiju*, fitted with a pi(;k- 
up attachment in place of the normal cutter bar, takes up the 
windrow' and thresh (^s it. 

These ruachines have j)roved their w'orth under extensivt* ton 
(lit ions of agriculture, which are characterized by two h^atures 
chea]) land and dear labour : the latter now’ applying t<» this country, 
considerable s])eculation has arisen as to their dt‘sira,bility for our 
conditions, and in the last few years several ha\(* bixm used com- 
mercially with good results. It had been thought that our climate 
w^as too uncertain for their use, but this has been dis]jrovf*d, as it is 
found that they will work satisfactorily whenever a bimM r could 
do so : also, contrary to the previously jrr-evailing vicav. thev havt* 
])roved capal)k* of dealing with heavy crops, though the acaeage 
(a)vered is reduced. It appears that no more grain is lost by shelling 
than under our pr(*sent methods : another important consideration 
is that good, though rather broken, straw’ can be obtained from 
them. The small ^izc* of many fields in this country is a serious 
drawback to the use of combines for though they can turn (aimers 
whilst at work as easily as can a binder, the double shift lu'cessi- 
tated by passing through a gateway takes about eight hours. There 
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are a number of farms, however, where this could be largely avoided. 
A more important objection lies in the fact that in most seasons 
the com as threshed in the field in this country contains about 20 
per cent, of moisture, and has to be dried artificially for storage : 
machines are available for this but, though the v ork done by them 
is satisfactory, the co.^t is high, amounting to 40 per cent., or more, 
of the remainder of the cost of harvesting the grain. There is an 
undoubted future for machines of the combine type in this country 
but it seems improbable that they will ever become so universal as 
the binder is at present : they will probably be restricted to farms 
specializing in corn growing and particularly adapted for them. 

THRESHING MACHINES. 

Threshing Machines (Figs. 24 and 25) were introduced in the be- 
ginning of the Nineteenth Century and, despite the fierce opposition 
of agricultural labourers fearing loss of employment, soon became 
established over the older method of the flail. A threshing set is 
rather beyond the financial resources of a small farmer, and it 
would be uneconomic to purchase a machine where only small 
acreages are involved, so that it is common for contractors to own 
sets and to hire them to farmers. A set comprises a thresher, an 
elevator and a chaff cutter, together with the engine which functions 
in transport and as the motive power when the set is at work. 
Larger farmers often feel that the convenience of having a sot of 
their own justifies the outlay, and the tendency is for more to pur- 
chase threshers now that their normal equipment includes a tractor 
and an elevator. 

The corn to be threshed is fed to the drum from the top of the 
machine, the bands of the sheaves first being cut : in feeding, the 
ears are put in first, except where unbroken straw is particularly 
desired, when the sheaves are fed longitudinally. The drum re- 
volves at about 1000 r.i).m. and consists essentially of eight ribbed 
steel bars which beat out the grain against stationary bars partially 
encircling it and forming what is termed the “ concave ” : the 
amount of the clearance between the drum and the concave can be 
varied to cope with different sizes of grain and other factors affect- 
ing the ease of threshing, the object being to separate all the grain 
without breaking any. Most of the grain falls through the con- 
cave, the straw passing out of the front of the machine over shakers, 
which allow what grain remains in it to fall through on to a collectmg 
board : it makes its way down this to join the grain from the con- 
cave on the “ caving riddle.” The cavings, which consist of broken 
pieces of straw and leaf, ride over the riddle and out at the front of 
the machine, whilst the grain falls through to the second collecting 
board. Like the fir.st, this slopes backward, and the grain travels 
down it and drops through an air blast from a fan to a series of 
sieves. The fan blows out the chaff which falls into a heap below 
the machine, whilst the sieves separate and deliver the coarser 
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material, or chobs (t.g. beans iii wheat), to the si(l(\ the small weed 
seeds dropping through all of the sieves to the ground. From this, 
the first dressing shoe, the grain collects in a sum}) where it is j)icked 
up by the grain elevator, an endless band carrying l)uckets, and 
discharged into the awner and chobl)er : this (‘onsists of revolving 
knives and bars, with adjustable clearaiu^es. It removes any chaff 
still adhering to the grain and also the awiLs of barley. TheiK^e^ 


a 
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the grain passes to the second dressing shoe through an air blast 
from another fan, material removed passing back to the first shoe, 
and finally to the rotary screen. Th(^ screen is a c linder with a 
periphery of ynres Lhrough which the grain finds its way to the 
sacks : the wires are closer together at the ('iid where the grain 
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enters and become further spaced towards the other end, so that 
several grades are obtained, the smaller grain passing through 
earlier. The screen is adjustable in the spacing of its wires, but 
should not be tightened whilst running, nor with grains held be- 
tween the wires, because of the liability of bending them. One of 
several patlis may be chosen for the grain after it leaves the ele- 
vator : it may pass through all the cleaning and grading devices 
mentioned, or it may be sliort circuited past one or more of them, 
in some ceases it being sent straight from tl * ('levator to the sacks. 

The straw is usually built into a stack, au ekwator (Fig. 18), 
driven by a belt from the thresher, being placed to catch it as it 
falls from the shakers ; tlu' elevator need not be in a straight line 
with the thresher, pulleys for the belt allowing angling up to 90°. 
Another common })ractice is to use a ‘‘Chaff Flitter” (Fig. 26) 
which, again, is driven from the thicslier : tin* straw is fed by Jiaiul 
into the moutii where cogs seize it and j)rcscnt a tiglitly pressed 
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bundle to large knives on a rapidly rt'volving wheel, the straw 
being cut into hmgths of about one iiicli. (half cutters used with 
threshers are fitted with riddles t(» nuiiovt^ ciust, the ehaff l)emg 
elevated and fed to sacks as illustrat'ai ; whilst ('haffing saves later 
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work, It slows down the speed of threshing because the cutter 
cannot take the straw as fast as it can be threshed, and it is usually 
considered that the process reduces tlireshing speed by about 25 
per cent. Balers provide a third method of dealing with the straw’; 
they receive it from the shakers and thtnr action is similar to that 
of the packers and knotter of the binder, two bands usually being 
put round each bundle. 

Contractors send two nun out with a set of threshing tackle , 
one of whom feeds the corn to the drum whilst tlu' other exercisrs 
general supervision over all the machinery ; seven or eight other 
men are required, of w^hom two or three are employed on the corn 
stack, two or three on the straw stack, one or two cutting the bands 
of the sheaves, one clearing the chaff and (savings as they accumu- 
late, and one taking off', weighing and tying the sacks )f grain. Tn 
addition some attendance is nece.ssary to supply the engine with 
coal and water. The amount threshed ])cr day is usually .‘JdO to 
400 bushels wuth wheat and barley, and 400 to 500 bushels v'ith 
oats. With good organization, and when men are y)aid by pic'ce- 
work, much better outputs can bc) acdiieved ; wh(*re threshing is 
done straight from the stook. however, less will be accomplished 
because of the tini(‘ w'asted in changing carts betwxuui loads. 

In some other countries the abov'e rates of threshing are greatly 
exceeded, principally through the use of machin(‘,s of larger (‘apacity 
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with more width of drum. The type of drum too is different, 
having jiumerous short protruding pegs, \^hich thresh the corn 
against others in the concave, between which they run. Whilst 
peg drums thresh well, they are unpopular in this country because 
they break up the straw to a considerable extent. 

Modern threshing machines do very good work and yield a 
Ham})le of grain which is clean and graded sufficiently for sale in 
most cases, but wliere special lots are being sold at high prices for 
seed, and in the case of malting barley where great uniformity is 
important, further dressing may be carried out. For this the 
“ Wiimower or Dresser ” (Fig. 27) is employed. This is a hand- 
worked machine which incorporates no new })rinciple8 over and 
above those of the thresher. Grain is fed into it from a hopper in 
its upper surface, a blast of air blowing through the stream and 
removing any chaff ; sieves then grade the grain into three lots 
which are delivered at different points. The sacking attachment, 
as illustrated in the figure, is convenient and economises labour, 
but is not always used. The machine is small and the whole opera- 
tion is carried out in a barn, so that it is independent of the weather ; 
three men should dress about 200 bushels in a day. 


CHAPTER III. 

TILLAGE. 

Tillx.e means the cultivation or working of the soil with implements 
for the benefit of the crops growing or to be grown upon it. The 
gardener tills the garden with fork or spade or hoe just as the farmer 
tills his fields with plough or cultivator or roller. Indeed, there is 
no better way for a student to grasj) the first principles of tillage 
than by cultivating a garden, especially if two or more types of soil 
are represented in it. It matters not how small the plot or garden 
be so long as the work be done by the studemt himself at all seasons 
of the year and the effects, immediate and after th(^ lapse of days or 
weeks, be carefully noted so that not only the efft^cts of the tillage 
Itself but also of the subsequent “ weathering ” may be stored in 
the memory as experience. . Jt is doubly helpful if upon this 
experimental plot the student deliberately carries out aefis of tillage 
which he know\s, or lu' believes to be, harmful. Some of these may 
well })rove to his surjii ise to be beneficial, esjiecially if he i fortunatt* 
enough to be working upon a soil with wliich he was not j>reviousl\ 
aequainted ; for correet practiee upon eaeh soil t>pc; is different. 
Such experiences will be invaluable when he begins to cultivate 
with field implements upon a farm scale. It is comparativelv easv 
to discourse upon tillage and the theories of tillage hut nothing can 
take the jilaee of careful oliservation on tlie land and the (e\peri( ik es 
accumulated therefrom . 

Whilst in the main tillage is tlie work of impiements the natural 
agencies by which the texture of soil may he ameliorated must 
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always be kept in mind. Darwin in his observations upon earth- 
worms showed how great is the work of these in elevating soil to 
the surface, literally turning it over, and by so doing loosening it, 
mining it, providing passages for air to enter and gases to escape and 
for the movement of water. In fact it is true to say that the work of 
worms in the tillage of grassland exceeds many times that accom- 
plished by man. And to a lesser extent their work is important on 
arable land. Frost, by its effect upon the water contained in soil, 
causing it to expand when changed to ice and forming planes of par- 
tition between particles of soil, is another natural agency of supreme 
importance in successful tillage. The heavy land field, ploughed 
early in winter and well frozen, responds easily to cultivator or 
harrow in spring in the pro^iuction of an easy seedbed. A third 
natural agency of supreme importance in obtaining a co»*rect texture 
is that due to the expansion of soil, especially clay soil, when 
moistened and its contraction when dried. A clod of clay or a clay 
furrow contracts slowly and “ sets ” hard like concrete when dried 
in the sun. When the same clod, or the same furrow', is moistened 
by rain the outside quickly becomes wet, whilst the inside may 
remain dry or moisten more slowly. The outer layers exj>and 
immediately they become wet whilst the dry centre remains un- 
changed. This sets up stresses which result in the wet outer layers 
fracturing or splitting from the dry centre so that they can afterw ards 
be easily shattered by harrow' or cultivator. 

The purpose of this chapter is to cnuisider the tillage of the soil 
brought about by the use of implements. 

The objects of tillage are : — 

1. To modify the texture of the soil. 

2. To modify the content of air. 

3. To modify the content of water and the temperature. 

4. To kill weeds. 

5. To facilitate the killing of insects in the soil. 

6. To incorporate crop-remains and manure with the soil. 

7. To make plant food available. 

8. To encourage gerinination and root growth. 

1. To modify the Texture of the Soil. — The first and most 
important object of tillage is to alter the texture of the soil so as 
to make it more suitable for the purposes of the cultivator. It 
would be true to say that the modification of the texture is the 
jirimary object of tillage, because air content, water content, weed 
destruction, seedbed preparation , and in fact all the other purposes 
of tillage depend upon modifications of texture. The soil proper 
consists of soil particles, great or small, some acting as single unit 
particles others grouped together. These partiedes or groups of 
particles are surrounded by soil spaces. The soil spaces in their 
t urn are occupied partly by air, partly by water. All of these have 
their influence upon soil texture, and tillage is concerned as much 
with the soil spaces as with soil particles. 
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Before cultivation starts the soil of an arable field has generally 
been compacted by the weathering of the soil, the beating of the 
rain, by the preparation of the seed-bed, by the intercultivation and 
harvesting of the crops. By these agencies the soil particles have 
been compacted tightly together and the soil spaces, though still 
present, have been reduced in size. In some cases, as for example 
when the crop has been carted off in wet weather or the land has 
been trodden in wet weather by folding sheep, the soil particles are 
stuck together and the soil has lost its friable texture. Clay soils 
exhibit these characteristics in their worst form and it will be well 
to consider how the texture of such soils may be modified by 
(‘ultivation so as to fit them for the growth of plant roots and of 
crops. 

Heavy clay soils contain a relatively small proportion of the 
large coarse particles, which help to give friability to a soil and a 
relatively large proportion of finely divid(‘d material which produces 
the sticky character of these soils. These soils become sticky and 
pasty when “ worked ” in a wet condition. They be(‘()me [)lastic 
when worked by the brickrnaker. When ploughed in wet condition 
the texture of the fur^o^^•s Ix^ars a close resemblance to that of putty. 
If these furrows are then dried tlu\v bake and set with a hardness 
that resembles concrete. The texture of the soil in any of these 
conditions is useless for plant growth. How theji can it be modified 
so that it may become suitable '( What are tlie optimum conditions 
for plant growth ^ The optimum texture of a soil for plant growth 
should be similar to the mould which a gardener uses in his flower 
pots. It should have a granidar, crumb-lik(^ structure resembling 
breadcrumbs. In this condition it is easily pceietrated by plant 
roots ; it is sponge-like for holding water and also for giving up its 
vsabu' to plant roots and it is easily peiu't rated by air and plant 
roots. 

These conditions can be obtained i>y a combinr.lion of tillages 
carncai out at the right t inu^ so as to take ad\'antag(“ of t lu^ natural 
weatluTing agenci(‘S. Ploughing is generally the first tillage. This 
by cutting the soil into rectangular slices and turning them (>v(‘r 
exposes the soil in a rough condition to the action of the weather, 
('ultivating the ploughed ground, especially if done b\ steam or 
tractor with powerful cultivators breaks the rectangular })iough- 
siices and exposes the land again to u eatluTing ’’ agencu's. 

Aft-ei the ploughed dejitli of soil lias bc^en wcdl woe hered (by 
frost and thaw, or by drying and wc-tting) the .soil bexonu^s f liable 
and tlie rough clods, if them moved with thc^ cultivab»r oi’ harrow, 
or pressed with the rolku' may shatter* to pieces forming tlic crumb- 
like or granular structure, whicli is (h‘sii-c‘(l. 

Sandy soils arc much easicu’ to break in pierces without the help 
of tlie weather than clay soils. Wluui ploughed, the furrows in 
addition to being cut and turned arc^ freijuently sliattercHl by the 
operation of the plough, and the plough furrows, if cultivated at the 
right time, can be broken into a crumbdiko structure by tillage 
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implements without waiting for the action of the weather. These 
sandy soils are, however, often loose in character and liable to be 
too open, consequently they require to be properly rolled in order 
to obtain the requisite firmness. 

2 . To modify the Content of Air in the Soil. —The size and dis- 
tribution of the air spaces in the soil is controlled by weathering, 
thus rain tends to beat down and consolidate the soil, whilst frost 
tends to lift and loosen it. Tillage also regulates and modifies the 
soil spaces and so modifies the content of air in the soil. When land 
that is compact and solid after the growing of a crop is ploughed it 
is easy to see that the ploughed furrows as they lie in position are 
exposed to the air both on the surface of the field and also on the 
under surface of the furrow, for after ploughing with the common 
plough the furrow rests upon the subsoil on one of it.s edges. The 
distribution of air in the soil after one ploughing is, however, by no 
means complete for the core of the furrow may not he exposed at all. 
If a second ploughing is given or if the land after the first ploughing is 
cultivated the land is first lifted and shattered and then allowed to fall 
in this shattered condition upon the subsoil. Tliis action may be 
likened to the taking of a deep breath by the soil, inspiring the air as 
the cultivator tines lift tlie soil, expiring as the shattered soil falls back 
into position. The harrow by the combing of its tines through tlie soil 
and the breaking of the smaller clods still further exposes the soil to 
the air, but in so far as the action of the harrow is one of consolidation 
it tends to reduce the soil spaces and so the air content of the soil. 
The roller by consolidating the soil reduces the soil spaces and so 
squeezes out some of the air contained in it. Other im])lements of 
tillage may be used to influence the air-conteuit of the soil in various 
ways — the cultivator tines lift the soil, expiring the air as it falls 
back upon the subsoil in a shattered condition ; the harrow, by the 
combing action of its tines as they pass through the soil, breaks the 
smaller clods and exposes their imier portions to the air. By this 
breaking of the smaller clods and by the consolidating action of 
the implement itself the finely divided soil settles more compactly 
so that the larger air spaces left by plough or by cultivator are 
reduced in size. The action of the roller still further breaks the 
small clods and consolidates the whole of the surface soil. 

3 To modify the Water Content. — Tillage is concerned with the 
relationship of soil to the moisture it contains in many respects. It 
may be necessary to dry the soil for the destruction of weeds, in which 
^ asc the production of a rough broken surface is desirable so that a lar- 
ger surface area of moist soil is exposed to the action of drying winds 
and sun. This drying is increased by the presence of large soil spaces 
under the surface, because air passes readily into and out of these ana 
in doing so carries moisture, which has evaporated from the soil below 
ground, with it. This drying of rouglily broken ground is well illus- 
trated when a bare fallow is ploughed for the first time in late spring or 
early summer. The air circulates freely on all sides of the furrow, 
which in dry weather rapidl}^ dries through. At other times it is 
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desirable to prevent evaporation and to conserve moisture for the 
use of growing crops. Tn this case the land must be worked to a 
smooth level surface. The large hollow spaces below the surface 
must be obliterated by tillage implements so that air does not 
circulate too freely and dry the ground. The need for this is well 
illustrated in jireparing a seed-bed on folded land in late spring. If 
the land is ploughed and left for a few hours the furrows are dried 
through in very short time. If each day that portion of the field 
which is ploughed is immediately rolled and harrowed or well 
disced some of the moisture will be retained. 

Sometimes it is desirable to make moisture in the lower dej)ths 
of the soil available neai* the surface as for example when small 
seeds are being planted. In this case the soil requires to be in a 
finely divided granular condition so that the granules may jiac^k 
closely together among themselves and with the subsoil. Then 
consolidation by rolling brings them into close contact so that 
moisture can pass freely up through the whole aod to the seeds 
drilled shallowly below the surface of the land. 

At other times it may be desirable to prevent loss of water by 
evaporation from a firm moist surface. In tliis case contact between 
the surface inch or so of top soil and the lower (le}>ths must be broken 
by hoeing or shallow cultivating. Then the loosened surface dries 
out and hinders further evaporation of soil moistnre. 

Sometimes it is desirable t/O facilitat(‘ the drainage^ of water 
through the soil in wdiich case the land should be left in deeply 
broken and I'ough condition. 'The use of a dee]) winter furrow' by 
the “ eommon ' ])lough, wdiieh is desigm'd to h^ave aii un])roken 
furrow', facilitates drainage and tho land will be dry for wt)rking in 
s])ring. Occasional subsoiling or very deejv stteun-enlt-ivating may 
be used to break up a plougli ])an and allov w^ater to percolate mora* 
freely into th(‘ drains lielow. At otlao times it is desiralile to ])ut 
the soil into a condition to hold moistiir(‘ for tliC growth of {ilants 
and es])e('ially so in tin* pre])aration of seed-beds. In tfiis eas(‘ a 
finely divided crumbly structure is rcijuired so that tlie moisture 
may be held vvitliiii it as in a 8])()nge. This condition is the tyjiii'al 
condition required for seed-beds, and not the least important ri'ason 
for this condition is to facilitate the retention of rain wat.(‘r for tl\e 
germination and grow th of the ero])s. 

4. Weed Destruction. The destruction of weeds is one of the 
most imjiortant objects of the arable farmer, dareful tiU .ge is (he 
weajion whereby this (-an be done economically. Weeds from the 
farmer's jioint of view may be classified into annuals and yierennials. 
Annuals, of which charlock, poppy, cbickweed and groundsel are 
typical examples, are eharaeterised by very rapid growth. Idiey 
germinate tlower, set seed and die within one year. They produce 
a very large (piantity of seed if allowed to grow' to maturity, so 
that succeeding crops become Bmothered by them, but generally 
they can be easily destroyed esjx^cially when young. All annual 
weeds may be destroyed by burying beneath the surface of the soil, 
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provided every growing shoot is covered. If, however, the smallest 
shoot is allowed to project above the surface, it immediately 
recommences to grow. It is therefore important, when digging 
or ploughing, to bury every green leaf. Annual weeds may also 
be killed by dragging them out by their roots and leaving them on 
the surface to be dried out by the sun and wind. This method is 
only successful in dry hot weather. In moist weather they strike 
root again very quickly. Baby seedlings are killed very quickly 
by this method but older plants are more difficult to kill because 
their roots are long and it is difficult to shake every root free from 
soil. The harrow is the principal implement used for this purpose. 
Thirdly, all annual weeds are killed when cut just below the junction 
between stem and root. The severed root dies l)ecause it is unable 
to produce buds and shoots ; the stem dies l)ecause, having no 
fibrous roots, it is unable to obtain water. This is the manner by 
which weeds are killed by hand- or horse -hoe. If the hoeing is too 
shallow, so that the weeds are cut above the junction of stem and 
root, buds form on the piece of shoot attached to the root and the 
weed grows as quickly as ever. This is a very eon^mon fault in 
hand-hoeing, especially when the ground is hard. If the hoeing it 
too dee}), much fibrous root is left attached to the stem and thit 
may be sufficient to collect and suj:>ply moisture and so ])revent the 
})lant from drying out. This condition is sometimes obtained witl 
horse-hoeing es}iecially in dam}) weather. 

The midtitude of seeds, winch annual plants }>roduce, is hov.a;vei 
the greatest trouble with annual weeds. Ksery elTort must be 
mad(* on tlie one hand to reduce or prevent seed formation, (irii 
tlie other hand either aft(T one crop is liarvested or i)i the pre})aration 
of the seedbed for the next cro}) 0 }q)ortunity should be given by 
.suitable tillages to eiK^ourage these dormant weed seeds to germinate 
so that the seedlings may be easily killed. 

Perennial weeds grow com})aratively slowly but unlike annuals 
they do not die after producing seed bid. live for long periods. Some 
are })ro}iagated vegetatively when })arts of their stem or root are 
broken off and embedded in the soil. Some underground part of 
their structure, sometimes root, sometimes stem, is thickened and 
acts as a storehouse in which food material is stored for the future 
needs of the plant. These thickened parts are es})ecially difficult 
to destroy, for they are not killed by burying in the soil. They are 
only killed with difficulty by drying out after being dragged to the 
surface, because they hold moisture tenaciously. Such weeds 
cannot be killed by severing the stem and root with the hoe. One 
part and sometimes both parts will grow again if this is don^^ 
S})ecial methods, therefore, must be adopted for killing perennial 
weeds, and different }3erennial weeds may require different 
treatment. 

The peremiial weeds may be subdivided into four classes : — (1) 
the true tap-rooted weeds, such as the dock and the dandelion, 
which are provided with long tapering, vertical roots ; (2) the false 
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tap-rooted, such as the creeping thistle, the convolvulus, the coltsfoot 
and knapweed, the underground thickened parts of which are not 
roots but stems ; these have vertical stems wliich grow through the 
surface soil from a horizontally branching system situated below 
the depth of plough furrow ; (3) rhizomatous weeds, such as couch, 
(Agropyrum repens) ^ and some forms of bent and twitch {Agrostis 
stolonifera)y have shallow horizontal stems growing to the depth of 
the pldtigh farrow but rarely below ; and (4) bulbous-rooted plants, 
such as wild onion, onion-couch and some buttercups. The dock, 
which is much the most important of the true tap-rooted weeds, 
generally gets established from seedlings in growing corn crops. 
After the corn is cut they are small plants, which can then be killed 
easily if the stubbles are (piickly broken, but if the stubbles are 
left undisturbed, as for example when a clover crop has been planted 
in the corn, they quickly grow into large plants. If the clover is 
cut twice for hay, there is little chance for the dock to set seed during 
this year, but when the clover is broken uj) and the field crox)ped 
with wheat, the docks send up flowering sterns which prorluce great 
crops of seeds some of which are shed on the ground and some are 
carried with the straw to come back to the land in the dung. Docks 
present two favourable op]3ortunities for eradication by tillage, 
firstly by quick cultivation of the stubbles after harvest, and secondly 
by the efficient use of the cultivator in preparing a seed-bed for the 
root-crop in late spring, whereby the roots of the dock may be 
brought to the surface and left to dry out for some little time. 
Failing these methods docks can only be eradi(*ated laboriously 
by hand-digging or by bare or bastard fallowing. 

False tax)-rooted weeds are propagated chiefly by vegetative 
growth. Propagation by seed is less important eitlier because they 
prodxice few fertile seeds or because the seedlings are small and do 
not easily establish themselves. Their main stem -system is below 
the usual dej^th of ploughing, though often much of it is only just 
l)elow this depth, consequently there is little chance of complete 
and immediate eradication. The best policy for their destruction 
is one of attrition, a gradual weakening of their strength by 
continually cutting off theii’ shoots soon after they have appeared 
above ground. This may be accompli sht^d by the use of any 
horizontally- bladed implements, such as the plough, the broadshare, 
or the hoe. Cultivators with narrow tines are of little use for destroy- 
ing such weeds. Anotlier valuable tillage-method for tins purj)ose 
consists of })loughing deeply once during the rotation in i>re])aring 
for the fallow cro}). This results in much of tlie stem-system, 
growing just below the normal depth of x>loughing, l>eing brought 
to the surface. From this position it can be pulled out by cultivator 
and harrow^ and eventually killed by drying out. 

Rhizomatous weeds are perhaps the most troublesome of all to 
the arable farmer because they are difficult to destro^^ and because 
they spread very rapidly. They cannot be killed by burying, they 
are killed with difficulty by diying out and every time a plant is 
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cut or broken it results in the formation of two plants instead of 
one. The best policy is to aim at complete extermination. A 
half-hearted policy is fatal because a field partly cleaned of these 
weeds will be restocked within the year. The method to be adopted 
consists of working these weeds to the surface, then collecting them 
and finally burning them or carting them off the field. Tt is rarely 
possible to destroy them by drying out in the sun except during 
a long bare fallow. 

Bulbous weeds do not lend themselves to any general methods 
of destruction. Each type must be dealt with by separate methods. 

5. Pest Control. — Tillage may be used to facilitate the killing 
of insects by disturbing their winter quarters, by burying them deeply 
in the ground or by exposing them to the attacks of birds. Starlings, 
rooks and other birds pick up many wireworms and other insects 
whilst following the plough and other tillage implements. 

Tillage may also be used to limit the activity of insects in the 
soil. The heavy roller by consolidating and compacting the surface 
soil is often used when wireworm are attacking a cereal crop, not 
to crush and kill the insects, but to tighten the soil so that the 
insects cannot move so freely tlirough it. 

Crop remains, farm-yard and artificial manures require to be 
well mixed with the soil so that they may be made available to the 
growing crops. For incorporating crop remains and farm-yard 
manure the plough is the best implement because of its inverting 
action on the soil, but generally it is not desirable to plough in arti- 
ficial manure. Artificial manures are preferably worked into the 
soil by cultivator or harrow and othei implements designed to stir 
and mix the soil, so that the manure may be uniformly distributed 
throughout it. 

Tillage by the processes enumerated above leading to the la tter 
vlistribution of air and water in the soil also causes dormant and 
insoluble plant food to become available for the use of plants. 

Finally tillage is designed to make the seed-beds suitable for 
the various crops to be grown ; suitable by its supply of air and 
water for germination , suitable by its texture for the free growth 
of plant roots throughout the surface soil ; suitable by its water- 
content to supply water to the growing roots, and suitable for the 
supply of plant food. 

COMBINED TILLAGES FOR THE CLEANING OF LAND FROM 

WEEDS. 

The Bare Fallow. — This is a practice in which the land is left 
uncropped throughout a whqle year, during which it is cultivated 
for the purpose of killing weeds. 

It was formerly much more frequently adopted in England 
than at present. It formed an essential part of the three-field 
rotation under the Manorial System. In primitive agriculture it 
has been and still is commonly practised. In Canadian and 
Australian wheat farming it forms part of the ordinary system 
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though its value, especially in Australia, is mainly for the collecting 
and storage of rainfall in the soil. With the improvement in 
tillage implements and the intensification of farming the practice 
is no longer used on light or medium soils in Great Britain, but it is 
still the most complete method oi cleaning heavy land oi perennial 
weeds. 

In its operation many of the rules of good tillage are broken 
because it is not desired in the first instance to fit the ground for the 
growth of plants hut rather the reverse ; to kill all growing plants 
in the soil. In a typical case a bare fallow on clay land starts with 
the ploughing of the land in spring — not in autumn or winter lest 
frost should break down the furrow and produce a tilth too soon. 
If the ploughing is done with horse teams a time will be chosen 
when the land is wet and unfit for other tillage operations so that 
when dry weather follows the furrow dries harsldy and does not 
crumble. When horses are the source of power, the next operation 
will be the second ploughing of the field in May or June. In this 
the furrows are not crosscut but simply reversed. The purpose of 
it is to expose another surface of the original plough furrow to the 
drying action of sun and air, and again to break the contact of the 
furrow and the subsoil. After another interval of two or three 
weeks, by which time the furrows will have dried and become more 
brittle, the land is ploughed a third time. On this occasion the 
ploughing is across the furrow so that the origijial furrows are broken 
into great clods with the couch and other weeds imbedded in them. 
The sun and wind dry thcwse clods and the weeds at the same time. 
The surface soil in a cloddy condition is severed from the subsoil 
so that no moisture can rise from below and in the event of rain 
the water quickly drains through to the subsoil leaving the clods 
dry. The killing of the couch and other peremiial weeds in the clods 
is completed by continually turning them over in dry, hot weather 
with long-tined drag harrows or cultivators so that clods l>ecome 
completely parched and the weeds are killed by being dried out. 
It will be realized that the efficiency of this method of killing couch 
and other perennial weeds depends on the com])lete dessication of 
the plants. If only a tiny j)ortion of the plant retains moisture it 
will recommence growth as soon as rain falls. Therefore the best 
use must be made of any spell of dry, hot weather to complete the 
drying of the weeds. 

Uy) to this point little or nothing will have l)een done tc eliminate 
annual veeds, the seeds of which have beeii lying dormant in the 
dry clods. The frequent cultivations will gradually have brokeji 
dowm the large clods, and rain, if this has fallen, will have caused 
these to break into a finer texture, so that towards the end of 
summer the soil becomes more retentive of moisture. As soon as 
sufficient rain has fallen to make the soil really moist weed seeds 
begin to germinate freely. These are destroyed by the last operation 
of the bare fallow, which consists of ploughing the land once more 
either just l>efore or just after harvest so that the land is fit for 



FALLOWING 


Hi) 

cropping with wheat or some other crop in early autumn. Thistles 
and other weeds of this type, growing below the depth of ploughing, 
will also have sent up stems above ground towards the end of summer 
and these too will be cut and killed by the final ploughing. 

The operations comprising the bare fallow have been described 
in relation to horse -power, because the bare fallow was so essentially 
a feature of farming in the early days. It should be recognized 
however, that steam-power, where this is available, is more efficient 
for the purpose of fallowing clay land. The reserve of power 
enables the land in the first place to be broken up to a good depth 
with the plough, and the long-tined cultivator hauled by steam 
enables the subsequent breaking and stirring of the land to be 
carried out more efficiently than with horses or with tractors. 

The Bastard Fallow.— This practice, sometimes called half- 
fallowing, may be substituted for the bare fallow after a catch croj) 
or other crop has been cleared from the land early in summer. It 
is frequently used on a dirty piece of “ seeds ” after the first crop 
of hay and it natural!}^ follows the harvest of a silage crop such as 
beans, oats and tares in July. Substantially the operations are 
the same as those in a bare fallow but have to be carried out during 
a shorter period of time. The land should preferably be ploughed 
first to a sufficient depth to insure the turning over of all couch 
stems. In some cases it may be too dry and hard for ploughing. 
In such cases a double steam cultivation is the best practice. The 
land after being broken up is left for the weeds to become partly 
dried out, the length of time depending uj)on the character of the 
weather and pressure of other work. Then the field is thorougld^ 
stirred, preferably with a double steam cultivation, which may 
have to be rej)eated. If the weather is favourable the weeds 
are dried out and killed as in the case of the bare fallow. The 
land may then be prepared for autumn cropping by methods similar 
to those following a bare fallow'. 

Bastard fallows have some advantages and some disadvantages 
over bare fallows. They enable a jjartial or catch crop to be 
harvested instead of the land being left uncropped and idle for the 
whole year. The ground before tillage operations commence w ill 
have been dried by the growtli of the catch crop so that the w^eeds 
are more quickly dried out w'hen it is broken up. Further, the 
w'eeds themselves, before tillage starts, will have been weakened 
by growth in comi[>etition with the catcii crop and by being cut off 
when this was harvested. On the other hand although the bastard 
fallow is made immediately the crop is cleared and at a ti uk^ when 
the weather is often hot, July and August are by no means univers- 
ally dry months. Indeed they are frequently wet. The bastard 
fallow may then be an iiuifeetive method for completely killing 
roiuii and other }>er(‘niual w-ecnls. In comparison with this th(‘ 
bare fallow is frequently conqJeted, so tar as killing couch is con- 
cerned, by July in years wiien May and tlune, generally dry months, 
have been favourable. Lastly the bastard fallow gives little 
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opportunity for the germination of weed seeds and the subsequent 
killing of the seedlings, consequently the following crops may be 
heavily stocked with weeds of this type. 

Autumn Cleaning. — The two practices just described for the 
cleaning of the land from weeds depend for their success upon the 
complete drying out of the perennial weeds, especially of the 
rhizomatoiis weeds, whilst these remain partially or completely 
imbedded in the clod. Advantage is taken of the best drying 
weather of the summer to perfect these purposes. In “ stubble ” 
or autumn cleaning and in spring cleaning, an entirely different 
principle is brought into play. The weather during the time occu- 
pied by these practices is less certain and less favourable, so that if 
reliance was placed upon killing the weeds by drying out alone, 
many would escape destruction. WVed destruction in the case of 
autumn cleaning and spring cleaning depends firstly upon complete 
separation of the weeds from the soil and then destroying them by 
burning or by carting off the field. 

Autumn cleaning, as its name suggests, consists of cleaning the 
land in autumn between the time when the corn crops are harvested 
and the advent of excessive autumn rains or the pressure of work 
involved in harvesting the root crops. The })ractice is carried out 
in a series of stages. The first consists of sejiarating a comparatively 
shallow depth, tlu*ee to four inches of the surfa(*e soil in which most 
of the weeds are growing and from which the stulible protrudes. 
This may be done by one of several implements. The most generally 
used is the ]ilough. By this complete se{)aration of some three or 
four iTich(‘s of soil may be obtained, but the surface is turned over. 
The effect of this is to bury much of th(‘ weed, which subsequently 
has 1o be again worker! u}> to the surfacr* IxTore it can be eliminated. 
Tdoughing also has the disadvantage that even \^'hen motrir- or steam- 
power is used it is com])arati vely slow. For autumn cleaning spieed 
IS important br^cause time for efficient work is short, 'the cultivator 
is frc(jU(uitly used for breaking the laud especially when steani-power 
and when t ractor-power are employed but with these t hf‘ surface 
soil is brokmi away from the subsoil at irregular dejiths. F requently 
with steam - or tractor-power too great a depth of soil is broken, so 
that the subsequent separation of the couch is well-nigh impossible 
in the short time available. Or if the eultivation is shallow then 
much weed is missed and mueli is bn^ken in pieces Tla* liest 
implement with wdiicli to (mgage in autumn cleaning i- ^ome form 
of hroadshare. For horse purposes the old Kentish broadshare is 
idt'al. Htmtalhs broadshare, developed in t he luiddle of last century, 
was a spkmdid implement for the purpose. In those days it earned 
for itself th(‘ rejiutation of being a hoj*se-killer, but tliis disadvantage 
disappears when it is linked to a tracdor. Kansome's stubble 
hreaker is the most modern development of this type of imjilement 
and is very effici(*nt wiien operated by motor-power. The broad 
share is essentially useful for autumn cleaning because the land 
is so completely cut by the wide share that no vertically growing 
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weed escapes and because it can be set to make a uniformly 
shallow cut three to four inches below the surface. Further, the 
ground, instead of being turned as with the plough, is left in loose 
ridges which facilitate the drying of the soil and the weeds 
as well as the drainage of rain if this chances to fall. 
The second stage of autumn cleaning consists of separating 
the weeds from the soil. If the land has been broadshared and left 
in ridges this is easily accomplished by the use of heavy harrows. 
If ploughed the land must be cultivated once or twice to break the 
furrow and to work the weed to the top from which it is finally 
separated by the heavy harrows. The third operation conaists of 
collecting the weed by the use of the (diain harrow or the pitch pole 
harrow and finally forking together by hand. Lastly, if the weather 
is still dry the weed may be destroyed by burning or alternatively 
it may be carted from the land. When the stubble is reasonably 
clean one operation a.s described is sufficient to destroy most of the 
perennial weeds, but in cases where the stubbles are choked with 
them tlie o[)eratioii will need to be repeated. In this case the 
plough should l)e the first implement us(‘d. This should be for the 
purpose of ploughing to th(^ surface the weeds buried in the deeper 
layers of tlie soil. Aft(*r this is done the operations should be 
repeated as ])reviously described. 

In dist ricts where liarvest is sufficiently early the autumn cleaning 
of the stubbles, especially on light and medium soils, offers great 
advantages to the arable farmer. These advantages may be .mm- 
niaiizcsl as bfflows ; Th(‘ wc'eds after growing through the \eai' in 
coiufjctition with the crop and siib,se(, lently cut off at harvest are 
in a weakened condition. If hfft untouched till wintcT ploughing 
they rapidly gain strength with all the plant-food moisture, sim and 
air which the soil and natural agencies can su})ply. The IcumI is 
usually dry and friable owing to the withdrawal of the moisture by 
th(^ ])revious crop, conseijuently the separation of the weeds is easy. 
Land, efficicmtly cleaned in autumn, can be quickly prepared for 
cro])ping without danger cff the loss of moisture whieh eleaning in 
spring involves. ( i)n.se(pu'nt ly eroj) failurcNs are less eoiiTmon and 
bett/cr crops are .secured. The advantage^ of autumn eleaning as 
com])ared Avith spring eleaning is specially marked when sugar beet 
IS the following root crop, since tliis requires to be planted early in 
the spring. Finally, autumn eleaning results not only in tie* 
destruction of perennial weeds of the rliizomatoiis tyjie and the 
weakening of the false*tap rooted weeds like thistles iiy catting off 
their stems just as they recommence growth, but it also results in the 
destruction of immense numlicrs of weed seeds. These, dormant in 
the soil, are made ready fiu' germination by the aeration eonseqiemt 
upon the autumn tillage, with the result that many of these germi- 
nate so soon as they are well moistened by aiitumn rain and ai(‘ 
automatically destroyed by the autumn or winter ploughing (»f 
the field. 

Spring Cleaning is the term given to the cleaning of land from 
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couch and other weeds in the spring in preparation for root crops. 
It is a suitable operation for light land and in some seasons for 
medium land especially for late-planted roots, but it is rarely 
successful upon heavy land. In a wet season it is impossible to 
eliminate the weeds from heavy land, and in a dry season the cleaning 
operations spoil the texture and the land becomes too dry before the 
sowing is completed. The procedure for spring cleaning commences 
with a winter ploughing deep enough to be below all strands of 
couch. By this operation the weeds are buried and they lie dormant 
for some time. The land is left in this condition until it begins to 
dry in the spring and the weeds have begun to grow through again. 
It is then ploughed a second time. If the weeds are badly matted 
the second ploughing should cross the furrow, but if there is only a 
small quantity it is preferable to turn the furrow back and not to 
cross-plough because the latter operation tends to cut the couch in 
pieces and so multiply the plants. The effect of the second ploughing 
is to bring the weeds again to the surfac^e of the ground and to help 
to dry the ground. Cleaning is continued in dry weather by using 
first the cultivators two or three times and then the harrows to work 
the rubbish on the top and to shake it free from the soil. Finally 
the rubbish is collected by chain harrows and forks, and then burnt 
or carted off the land. In cases where the field is badly infested with 
weeds it is necessary to plougli again and repeat the cleaning opera- 
tions till all pereruiial weeds are removed. But reliance upon 
spring cleaning for ridding the laud of weeds, when tractor- and 
steam-power are available to supplement that of the horse, is bad 
farming practice at any rate in the drier districts of England. The 
best time for weed destruction is on the stubble immediately after 
harvest and in some seasons cleaning may be started as soon as the 
corn crop has been cut and shocked, ])rovided the shocks have been 
placed in rows. This pro(;edure is specially advantageous when 
showery weather prevails at harvest time and work in the harvest 
field has to be suspended. Ihider these circumstances good work 
can be accomplished by working the land between the shocks with 
horse or tractor. 

Combined tillages used in the preparation of seeil-beds for 
planting and for intercultivation are not sejiarately discussed here. 
They will be described in their appropriate places under the section 
dealing with cro])s (p. 191). 


CHAFIER IV. 
dhajnacg:. 

Land-dhainaoe dates from the beginning of tillage farming, and 
history contains a wealthy store (d knowledge about this and its 
comjilernentary subject, irrigation. The.se were practised by 
Egyptians and C)ther nations in very early days. 'The Roman 
classics make frequent ref(‘rene.e to the subject. Virgil, (^ato and 
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others refer to the employment of open ditches for the removal of 
drainage water. Columella describes both open and covered drains ; 
the latter being filled wi'jh stones or with fascines made from twigs 
and branches to provide channels for the underground water. 

The practice of modern drainage may be said to have com- 
menced in the seventeenth century. In the early part of this cen- 
tury Oliver de Serres, the French agriculturist, and Capt. Walter 
Blith, who wrote “The Improver Improved,” discussed the prob- 
lems and practices of land drainage, but at this period most systems 
of under-drainage were short-lived because of the lack of suitable 
material with which to construct underground channels for per- 
manent drainage. Stones, chalk, fascines, straw, etc., which were 
commonly used, answered satisfactorily for a few years and then 
gradually became clogged with silt, leaving the wager logged con- 
dition of the land worse than l>efore. Consequently drainage from 
this period onwards was largely confined to surface drainage, and 
no important progress was made for a century. 

Jn 1763, Joseph Elkington inherited a Warwickshire farm from 
his father, and finding it poor and extremely wet proceeded, with 
great enterprise and careful observation, to study the causes of 
wetness and to execute drainage works. His efforts were most 
successful. He discovered that the major cause of the wetness of 
his land, and of other neighliouring farms, was due not to direct 
rainfall, but to underground water, carried through porous laye'^s 
in the soil seeping upwards to the surface on the lower fields 
and slojies, causing springs and swamps to occur. Then by attack- 
ing the water at its source, finding the main springs and diverting 
th(* water by one means or another, he was able to drain large areas 
of land by the use of relatively few drains. These were generaUv 
deep, open drains because no suitable drain ])ij)es were then avail- 
able. but the chief factors in his success were his careful study of 
the lower depths in the soil in the search for the water-bearing 
strata, and the judicious placing of his deep ditches in relation to 
these. In some cases lie einjiloyed the method of boring with an 
augur through imjierious layers to make the passage of w'^ater easy. 
Fhese developments of drainage practice were so liighly valued 
at the period that T\irliament presented him with £l,iXK) and 
appointed John Johnson, of Edinburgh, to study his methods and 
write, up an account of them. This system of drainage is 
equally applicable to-day to the conditions for which Elkington 
designed it as it was in the eighteenth century, with the advantage 
that in many cases pipe drains can take the place of the open ditch. 

The next develojiment of drainage practice occurred during the 
early-middle part of the nineteenth century, when a fierce contro- 
v^ersy occurred between William Smith, a Perthshire farmer, and 
his partisans and Josiah Parkes, the consulting engineer to the 
Hoyal Agricultural Society, and others, upon two systems of under- 
ground drainage. Smith advocated his “ frequent drain system ” 
at distances apart varying between 10 and 24 ft. at a depth never 
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exceeding 30 in., the drains being construe; ted of stones, and not of 
tiles, which by this time were av/tihible. Pfirkes advocated drains 
of a minimum depth of 4 ft., with the idea of tapjnng “ subterranean 
water ” as well as surface water, placed at much less frequent inter- 
vals from 20 to 50 ft. apart, and constructed of hollow pipes of only 
1-in. bore. The wider intervals between drains and the narrow bore 
rendered the cost cheap (not exceeding £3 j)er acre in those days). 
The pages of tiie early numbers of the Royal Agricultural Society’s 
Journal and the Transactions of the Highland So(;iety bear eloquent 
testimony to the keenness and bitterness of the controversy. We 
now know that both parties were partly right and partly wrong. 
Smith was right in advocating frequent shallow drains in heavy 
impervious soil, waterlogged because there was little or no natural 
drainage through it ; frequent drains are not necessary in porous 
soil wliere wider, deep drains are advantageous because water can 
pass readily to them in a lateral direction. Parkes was right in 
advocating pipe drains, though 1 in. in diameter is much too narrow. 
He was right in advocating deep drains in ]>or()us soil, provided the 
outlets to these could be permanently guaranteed. [It is, unfor- 
tunately, the fact that many otherwise satisfactory deep-drainage 
systems have been completely immobilised b^^ the silting up of the 
ditches into which they were led.] But excessively deep drains in 
many clay soils have been rendered valueless be(;ause, with the 
])assage of time, the soil has compacted, and ])lough [)ans have been 
formed, so that ])oi'osity has been destroyed and water fails to reach 
the })ipes quickly enough to prevent water-logging. Much advan- 
tage, however, accru(*d from this fierce (controversy because public 
attention was rivetted oii the subject, and tlie Land Drainage Act 
of 1846 set aside £3,000,000, a very large sum in those days, for the 
pur])Ose of loans to assist landowners to improve their lands by 
drainage. These and other similar loans fostered immense activity 
in land drainage, residting in the efficient drainage of very large 
areas of cultivated land in Ih'itain during the succef‘ding thirty 
years. 

Bail(*y Denton, who was engineer to the General Land Drainage 
Comjiany, advocated a middle (uiurse between the trcnets of Smith 
and Parkes. He advocated deep drains, provided they were* 
sufficiently close together to remove stagnant water and allow air 
to take* its ])lac(‘, and speculated upon the better textural con- 
ditions ])roduced by draining, which, h(‘ c.ontend(;d, con\(;rted non- 
permcable into permeable soils, by causing soil cleavages. Tiu'se 
in turn became water channels for the next vseason’s rain. But he 
also strongly advocated the subse(|uent dei.jier cultivation of 
drained clay land in order to prevent the formation of a plough -pan 
and to facilitate the downward passage of wat(;r from the surfa(;c 
to the drains. 

Many of th(‘ drainage works, executed in the middk; of the 
nineteenth century, in cases where the outfalLs have been properly 
tended, are functioning perfectly to-day and indeed not a few 
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which had ceased to operate when the ditches were allowed to silt 
tij), have iKHin found to te in perfect order when these have been 
cJeaned out. 

J)uring tlws perirui of intense drainage activity, attempts were 
made with moie plough drainage. In the first place horses were 
used as the source of haulage power. Direct haulage, even with six 
or eight horses, was unsuccessful, and when used in association witli 
windlasses the work was very slow. I'he method, however, proved 
very suitable for use with steam ploughing engines, under suitable 
conditions, because of the low cost oJ operating. More recently, 
since the development of motor tractors, these have given some 
measure of success when hauled by the more powerful types. 

King, the soil physicist of the United States, follows Bailey 
Denton in his advocacy of deep drains on all soils. He also ad- 
vises the use of large drains, not less than 3-in. bore, because these 
are less likely to be blocked by silting or otherwise to get out of 
repair. He stresses the importance of aerated soil, following drain- 
age, for root growth, and explains that crops feel the drought much 
less on drained soil, both because of the deeper range of roots and 
because drained soil, with its better texture, holds more water for 
the service of plant roots. King, developing the idea of the crack- 
ing of the soil following drainage and the deeper growth of the roots 
into these soil spaces, explains that the presence of these roots, both 
living and dead, introduce organic matter into these spaces whhdi, 
in their turn, provide planes of j)artition for the future cracking of 
the soil and passage of water. He also exjdains that soil bacteria 
and other organisms, including worms, similarly penetrate these 
deeper cracks in the soil when lined with the root remains, and they 
in their turn helj) progressively to improve textural conditions. 
The benefits of drainage to the texture of the soil are thus 
cumulative. 

The Need for Drainage. — In order to obtain a clear idea of 
the circumstances which give rise to the need for draining, it is 
necessary to consider the faU‘ of rain falling upon a land surface 
which, in the first instance, is dry. The first rain which falls, pro 
vided the rain does not fall too rapidly, is absorbed by the soil in a 
manner similar to that by which water is absorbed by a sponge. 
The soil becomes moist and the water is held within it. At first 
there is no drainage of water through the soil because the water is 
held by caj)illarity on the surfaces of the soil particles, the soil 
spaces then being filled partly by air ^and partly by water. As 
more rain falls a state is reached when the soil can no longer hold all 
the water by ca}>illarity, the excess of water then sinks down- 
ward, under the action of gravity, until it reaches an impervious or 
nearly impervious layer in the soil. Such layers may occur close 
to the surface or may not occur until a considerable depth is reached, 
but when reached the water begins to collect upon them as upon 
the bottom of a bowl and a water surface, called in the soil a “ water- 
table,” is formed. As more rain falls and more water drains 
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downward, the water-table rises, and in doing so forces upward and 
out of the soil all the air which previously occupied the soil spaces. 
Eventually the water-table reaches the surface, the soil is then 
saturated with water, and the land is said to be water-logged. If 
still more rain falls the water-table rises above the surface of the 
land and the water begins to run over the surface of the land down 
the slope of the hill until it reaches either some stream, by which it 
is eventually evacuated into the sea, or a cup-shaped depression in 
the land surface where a flooded area is produced. 

If during the downward passage of rain-water through the soil 
to an impervious soil layer below, the water passes through a freely 
porous layer, then, when the water-table reaches this porous layer, 
another alternative may occur. Water can move not only verti- 
cally but also horizontally through porous layers in the soil. When 
the porous layer is continued horizontally or on a decline towards 
the floor of some stream or river, the water may pass by natural 
drainage or seepage into these channels, or the drainage waters 
may be transported underground through such porous layers in a 
horizontal direction until the limits of these porous layers are 
reached. In this case, if the pressure of gravity is sufficient, the 
water may be again forced upwards to the surface of the ground 
leading to the formation of springs. Such springs may run con- 
tinuously or intermittently throughout the year and give rise to 
wet, marshy places on the lower slopes and bottoms of the valleys. 

From the foregoing it will be seen land may be wet and need 
drainage, owing to water derived from three sources. Each of 
these will require separate treatment. Firstly, the surface flooding 
of land in which case rain-water “ runs off ” the surface to collect 
at some lower level. Secondly, the “ water logging ’ of land when 
rain falls upon impervious soil. Thirdly, underground water, trans- 
ported through porous layers in the soil and causing marshy areas 
where the underground water rises to the surface as springs. 

Flooding. “One ca.se of flooded land has already been described, 
but it is important to recognize that otfier circumstances may give 
rise to this : thus, rain storms in tropical and semi tropical countries, 
and thunderstorms generally, shed rain so rapidly that even jiorous 
soils are unable to absorb the water sufficiently fa.st, with the result 
that much water is run off the land to produce flooding at a lower 
level, or when much water has to be evacuated through narrow, 
winding streams and rivers in a flat area they overflow ^Keir lianks 
and flooding is produced. This tyjie of flooding is accentuated in 
urban areas by the rapid run-off and drainage of rain-water from 
the roofs of houses and tar-paved streets, and in agricultural areas 
by efficient drainage and ditching of the land. 

Flooding, by whatever cause produced, requires the same general 
treatment — the rapid evacuation of relatively large volumes of 
water. No underground system of drainage with re.str’cted channels 
can successfully accomplish this The construction of wide, open 
surface channels, the effective capacity of which increases as the 
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lixeH, providtiH the correct solution to these conditions. These 
,„.|i or .siirfrtce .syHtein.s may 1 k‘ applied to relatively mall areas 
III. they are frcipiently emidoyed for the drainage of large areas, 
,, ,, for example, the Konlands of (lambridge.shiie and Norfolk, iii 
.vhieli tln“ work falls within the province of the engineer rather than 
tiie agriculturint. 

^riie second case in which the land needs draining owing to rair 
falling ii|)on impel vious soil may, under primitive conditions, also 
he dealt with by surface drains, ddiese are, however, not generally 
suitable for cultivat(‘d land, wliether pasture or arable, because the 
upcii drains interfere with the ordinary acts of tillage and husbandry. 
I hey are best dealt with by some system of underground drainage 
l)y which, as soon as the water-table rises above the level of the 
drains, water passes into the drains and is evacuated. In this way 
the water-table is prevented from rising in rainy weather and, con- 
sequently, so!ne air is always retained within the soil. This system 
of draining is sometimes described by the name of ' thorough ” 
drainage, sometimes parallel-drainage. 

The third case, in which the wetness is caused by underground 
or spring water, is that against which Elkington devised his system 
of draining. It is sometimes called deep-draining or spring-tapping, 
and consists of locating the main springs and tapping them by 
means of a few deep drains so placed that the water is prevented 
from reaching the springs and so from flooding the land. 

Surface-draining. — Surface-draining has many applications to 
farming conditions, and one of its chief recommendations is the 
simplicity both of its execution and mauitenahce. The open char- 
acter of the drains, in comparison with other systems, makes any 
fault immediately obvious and capable of repair, and large volumes 
of water may be removed at little cost, provided attention is given 
to the choice of the line for the drain or ditch and to the occasional 
clearing out of its channel. 

The sysUnn is perhaps illustrated in its simplest form by the 
ndgt' and furrow system of ploughing into “ high- back ” lands, so 
( haracteristic a feature of heavy-land ploughing in this country 
under the Manorial system, is a method of ploughing still practised 
in a modified manner in the stctcli-pioughing in Essex, The essen- 
tial features of this system, still to be observed in many pastures 
formerly cultivated in this way, are the continuous ‘‘ gathering 
of the plough furrows to form the high centres of the “ lands and 
< oiisequently the deep furrows between them, and since these 
furrows were always designed to run up and down the slope of the 
field, any excess of rain-water drained from the high back lands to 
tfie furrows and then down the furrows into the ditches at the 
bottom of the fields. 

This method is illustrated at the present day by the gathering of 
f>loughed fields into ridge and furrow when ploughed by the common 
filough, and again by the ploughing out of water furrows after land 
has been ploughed or cropped in autumn. Tliese furrows are 
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ploughed along the lowest slopes so that water may drain out of the 
hollows. 

Surface-draining is again generally employed in plantations and 
woodlands, where the tree roots would interh^re with pipe drains. 
It is also used on hill pastures when these necnl draining. In this 
case the drains are generally cut transversely across the slope of the 
hill and led into mains placed in the lowest slopes. 

These drains are generally not more than 12 in. to 18 in. de(*|), 
and cut at frequent intervals in localities where rainfall is lu^avy. 

As previously mentioned, this system of drainage is always 
practised on land liable to flood by the side of streams and rivers. 
In this case the drains may be wirier and deeper than in the cases 
previously mentioned, because of the greater volume of watm* to be 
evacuated, and the main drain may be led to empty back into the 
river at a point lower down the valley, fn^quently br^low a mill- 
dam, wliere this accentuates the flooding abova^. 

One other case of surface-draining frerpjently r (juiring attrition 
on the farm, although often neglected, is the grading and provi.sion 
of ehannrOs by which rain-water may drain away from the roads 
and yards about the buildings and the farm. Too fnapientlv such 
roadways become impassable quagmires in rainy weather during 
\Amit(‘r. If a little attention is given during dry weather U) the 
grading and filling u]) tfie hollows in the roa<hvaA and tin* ])r()visi(>n 
(if gutters for the jun-off of the W7iter. these conditions could b(* 
larirelv f)re\'ent(*d. 

Under-drainage. It has alriaidy Ikm-u (Wpiaiiusi that this 
svsteii. of draining is adopteij m eases wdiert' natural drainage' is 
muible to remove th<‘ ex(‘(vss of rainfall (piiekly enough to ])rev(mt 
w Ltor-ioggjjig of the hind, aj»d is sp'^eially no((*ssarv, therefony in 
the eas< of impel ' ions and heavy soils. In disti'ic’ts \vlu‘r(* rainfall 
IS lien y Die n(*(*d of such und(*r-drainage i.s nainra.ll\ gr(‘at>(‘r than 
those 15’ wiiicii rainfall is light. Thus, sonu' soils lU a medii;n: (‘imr- 
aeter may dram theniseives naturally in districts of low rainfall 
■vvliiHt sintilai s<nls in districts oi high rainfall iM'cnme badK water* 
iogg/ei and therefore ma-d nnd(u -drainage. 

The most im[)ortant part’ of any draining se!ieuH‘ is t in' pnuiara- 
tion of a drainag(^ [dan to guiile the aetuaJ W(»rk. So olten a farmer 
in exi'cnting Jus h/st drainage wauk finds a wet place in his field and 
(iigs a single drain to overcome tins trouble. Later otficr wet 
plai'cs dc\'eIoj) and further iiidcqiendiait diains a’c .’e e Finally, 
the anal is covered witli a eomfilicated and t hm efi »rc cxfiensive 
muddle of drains, and is even tlnui not [irojierly drairaal. 

There are some few simjile cases wTere tlie ai'-a is small and the 
slope is obviou.s and uniform over lh(‘ area in winch tia^ [ilan can 
be easily thought out, but in the gentual case, and e.s[)f‘eialiy wdnuc 
consideraVde areas are involved, tiie first [iroceiiure sliould be to 
take the levels systematieaJly over tJie area at intei-vaJs of a rod 
apart, or more frequently where obvious in-egulai dies in level occur. 
These levels shoi id then be plotted on squared paper and tla^ 
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contours drawn. Then the plan of the draining should l>e thought 
out. 

With the levels and contours thus plotted, and with a knowledge 
of the general'lay-out of the land, the points for the outfalls should 
hrst be selected. These should be placed at the lowest available 
points emptying into a ditch or stream, so as to give the greatest 
fall for the drains. It is desirable to reduce the number of outfalls 
to a minimum because these are sources of weakness in a drainage 
systein unless substantially constructed, and when substantially 
ronstructed they are expensive. The outfalls should, if possible, 
avoid proximity to trees since the roots of these are liable to disturb 
them or drains leading to them. 

The main drains, leatling from the minors to the outfall, should, 
in general, be phuanl along the line of the lowest fall, Icc^^ving the 
niinors to f)e placed on the lines of the steeper falls. This j)rovides 
for a more uniform rat(‘ of flow of water through mains and minors, 
because the greater volume of water collected in the main drains is 
subje(‘t to less friction in its passage through the ])ipes. The minor 
drains should be planned to run down or across the st('ej)er slo]>es. 
'rhey sluudd in the geiHual (‘ase be ])arallel to each other, so that 
tbe surface may be uniformly drained at least ex]>ense. 

Depth of Drains. — In the first place, drains should be placed 
at such a d('pth tiiat there is no f(‘ar of disturbance by agencies 
.above ground. Th(\v must b(‘ well Irelow the depth of the deepest^ 
cultivation by plough or subsoiler. There' must l)e no danger cf 
disturbanef' by the passage of horses or other aniincJs. hv tractors' 
wlu'cls ov fai’in eai ts, and (‘S])eeialJy, wlu'ic sucdi a.ra* use d by the 
wheels of steam engines. They should also be sutfieiently deep in 
land which is subject to serious cracking in summer to avoid dis- 
placement from this cause. The next point to consider is tluit the 
de(^})er the drains aie placed, the* lowc'r will the wat^e?’-table be kept, 
th(‘ de(‘])('r- will the air j»enetrate and tlie dee])er will be the area 
t'ough whic'h ])hint roots may grow in search of food and water. 

' the other hand, if drains are very deeply ])lac*ed in heavy im- 
pel vious land, the rat(‘ of jrassage of water into them, owing to the 
gradual (•om])a.cting of tht' soil, may, after a few years, be so .slow 
that water-logged ec^nditions may again be produced. 

In porous soil drains may with advantage be more deeply ])laced, 
i *' c ause in snc'h soil water j)enetrates easily and (|uu.^kly to all depths, 

* ause digging is easier and because with deep drains in ^^uch soil 
- Cv < f are required and they may also be placed at wider disranc'cs. 

light, opt'u soils drains should generally be placed 3 ft. to 4 ft. 
dt'C'jc In very lu'avv, impervions soils, the (ie])th to the floor ol the 
drain should prc-fc'iably be 3(1 in. and not less than 24 in. When 
drains have to ]>e placed in pc^at soils it is desiralde, when possible, 

? o dig the drains below^ the peat so that the tiles may rest upon the 
solid soil beneath. 

Distance Between Drains. — The distance between drains de- 
jierids ill part upon the depth at which they are laid, as explained 
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above, in the case of porous soil. The depth in impervious soils, 
however, does not generally affect the distance apart since water can 
only pass very slowly in a lateral direction through such soils when 
the subsoil is compacted. The distance apart may also b© governed 
by the amount of rainfall. When this is high the drains should 
be closer. The chief factor, however, in deciding the distance 
apart is the texture of the soil. When this is porous and the drains 
deep, they may be 60 ft. or even 90 ft. apart, when the soil is im- 
pervious they require to be no more than 18 ft. to 24 ft. apart. In 
cases where fields have previously been ploughed into ridge and 
furrow, and being now pasture, still retain this conformation, 
excess water will naturally run over the surface into the furrows, 
and in these cases drains may advantageously be placed in each 
hollow irrespective of the distance apart. 

Gradient or Fall. — Water flows through drains owing to the 
action of gravity. The steeper the fall of the drain the more rapidly 
will drainage water pass through it. It is true that water will pass 
through drains if placed perfectly level, owing to the banking up of 
the water at the beginning of the drain, but this condition is un- 
desirable because the passage of water is so slow that, if silt finds 
its way into the drain between the junction of the pipes, the flow of 
water is too slow to evacuate it. On the other hand, drains should 
not be given too steep a fall on hilly land lest the water tends to 
wash too rapidly thixnigh and by the side of the ])ipes. In doing 
this soil may be removed fronj below the pipes, whicdi conHcquently 
settle. Too steep a fall may be obviated by ])lanning the drains to 
run across the sloj)e of the land insU^ad of directly down it, and, in 
fact, such drains across a steep slojie will coll(‘ct and drain the water 
better than drains directly up and down the slope. 

Not only is a fall necessary for the drains. }>ut it is also desirabh* 
that the drainage water should pass through tiie drain at a uniform 
or increasing speed. The drainage water carries some silt with it 
wiiich will have worked in between the edges of tlu* pipe- . if the 
flow of water is checked at any ])oint some of the siJt will setile out 
and tend to block th(‘ })ipes. The flow of water in a drain in which 
the fall is uniform increases towards its outfall wlum the volium* of 
water increases, and especially when a .succession of minor drains 
empty their contents into the main drains, d'he reasiui for the in- 
crease of the rate of flow is that the friedion of the jiipes against tlu' 
flow of water is proportional to tlie surfa<’(‘ of the jiipt^s in eoniacd 
with, the water. When the quantity of Avater in the lupos is small 
the area producing friction is large compared wii^h tuc volunu' of 
water passing, and when the quantity of water passing through the 
pipes is large the area is relatively small (-ompared witli the voluriH* 
of water. For this reason the fall ne<H*ssarv in tin* main drains to 
se(;ure adequate scorning of the silt is l(‘.ss than lliat/ re(]uir<*d in tin 
minor drains, ddu* o|>t imum lall in thi* minor drains may \ ai y 
betwt^en 1 in oO to 1 in 200, and drains will function p<*rfectly at 
gradients both much Hteej)er and much flatter than these jirovidcd 
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the tiles arc well and truly laid. For mains the fall, as a general 
rule, need be no more thaji half that in the minors. 

Execution. — Just as in planning, so in execution, the work 
must start at the outfall. Tlu* (*xaet point of the outfall juust be 
selected with great care, so as to give* a fret? outl(‘t to th(‘ water. As 
a general rule, the outlet should be not less than 4 to b in. above 
the general level of the wat(‘r in the stream or ditch, and sliould 
point slightly downstrc^am. If the outlet is below the water level 
no real advantage is gained in fall, and the flow of water through 
the full pipe is likely to be so slow that silt is deposited. On the 
other liand, no .serious harm will r(\sult if the outfalls are fx'casion- 
aJIy covered by flood water. Outfalls must be so placed and con- 
f^tructed as to resist the underwash of the stream and also the 
outward thrust of the V)ank in which they are constiaicted, as this 
(‘X])ands and shrinks under the action of frost and thaw on the one 
hand and drying and moistening on the other. High bricked outfalls, 
exbuiding above the surface of the* land, may he pushed over by 
such a thrust in the (;ours(‘ of a few years. Outfalls should also be 
provided with some form of flap or grating to ]»revent the entry of 
vermin. 

Types of Outfall, —ruder primitiv^e conditions the outfall 
tTuiy consist im‘r(‘ly (»f on(‘ of the pi])es used in the main, which may 
b(' h(4d in ])().sition l)y <\ pi(M‘c of wire running })ack to the third or 
fourth pi]H\ Such an outfall is sure to become deff‘ctive in the 
('ourst' of year.s, because, as the earth in the bank crunihl(\s, th(' 
[)ipe bec’omes lo()S(‘ and falls into tlu‘ stnaim. A more durabh' out-' 
fall should, t[\(*refore, be construete<l. A more durable and inex- 
[)cnsive outfall can be (Miust rnctfal by using a long iron ])i])e, t> i ) 
S ft. in length, for tli(‘ outfall. Si'cond-hand gas or water ])i})(‘s are 
suitable for this piuposcc If thesse arc ])iace(l with the mouth ])r'o- 
lectring () in. into the ditch and the remaind(*r ])laced iii the firm 
ground of tlu' bank, tliey arc immune from any iinderwash of the 
str(‘aTn as well as fr’orn any thraist from tlu‘ bank. Tliey an* un- 
likely to be disturbed and ran be. easily found at any time. 

.-X mori* expensiNc and per haps inort* semnly type of outfall may 
be inadi* in niasoniw with (utber eoncr'ete or bi’iek and mortar. 
\\bier’<‘ sucli outfalls art* const?‘uct(*<l spt'cial attention must be friveii 
lo the foundat ions for the ]>urpos(‘ of la'sisting the iinderwash of the 
stream and the thrust of the bank. Th(‘y must ht* [rlaced on a 
broad bast* and kt'pt as low as ])ossible. The ordinai'y drain pijx's 
may be imbedded in tlu* masonry or their filaee may lie takt'ii by 
sp(*cial iron pijM's. Tin* fa.ct‘ of tlu* oiitfaM through wbiicli the drain 
{)ipes ]ut)jet*t slitruld be withdrawn slightly from tlit* bank and not 
fa'oje(‘t too far into the str-t*am. 

In digging the main and miimr di'ains tlu* ti‘(‘nclu‘s should be no 
w ider at the top than is recpiired for tin* nu'ii to work, and at tin* 
bottom should hi* nt^ wider- than the diamett*!' of Mh* pip(*s, so tliat 
when tbt'.se are jilaced the walls of the tr-eueb keep the ))i])es tirmly 
in tht*ir }>lace. Fart* must In* takt'U nt)t to disturb tlit* llot)r of tlu* 
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drain below the depth required to place the pipes, because if this is 
disturbed it is difficult afterwards to secure a firm bed for them. 
The final levelling of the Boor of the drain is made by a specially- 
shaped scoop, and this part of the work requires to be done with 
extreme accuracy. Any inaccuracy in the fall of the floor will be 
reflected in the drain itself and will interfere with the regular flow 
of the drainage water — perhaps causing silting. In former days 
skilled drainers became so expert in “ bottoming ” the drains that 
they required no assistance beyond the help of a little water in the 
trench for testing the fall in the drain as the floor was being scooped 
out. Such skill is rarely attained at the present time, and the fall 
of the floor should frequently be tested by means of the boring rod 
or grade stick placed in the floor of the drain, sighting the top of 
this with the cross pieces set up at each of the grade stakes. These 
cross pieces are set up at the same height above the floor of the pro- 
posed drain as is the length of the rod or grade stick. An alterna- 
tive method consists of stretching a line or wire 5 ft. above the 
floor of the proposed drain, as shown in (Fig. 28), and testing the 
depth by means of an inverted L of the same length. 



h la . 28 . Tkstinc thk Fall of the Flook of a Drain. 

(Jare must be exercised in making the junctions where the minor 
drains empty into the mains. If th(‘He arc badly constriu-Ud earth 
may be wa.shed into the drain through the faulty parts. Important 
jumdions between two mains may best be made by the use of 
Y-shaped pipes or by the use of simple brickeil catch pits, and 
these are specially useful if silting is likely to occur owing to any 
change in th(‘ rate of flow. When the junctions ar(‘ made between 
minors and mains t[i(‘se need not be so elaborate. A hoU* is cut into 
oru* oi the main t iles by means of a shar]) t ile-j)ick, or til(\s with .such 
holes ma\' bi* sfiecially made, d'iieend of tfie smallei’ minor drain pipe 
is then chi])pcd by a wrench- hammer or otlicr implement, so that 
it fits accurately above this hole and delivers its waU-r downwards 
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into the main. After the junction pipes have been carefully placed 
the junction slioiild Ix^ covered over with broken tile of may be 
(•(‘mented over to pn'vent soil working into the firain. 

When extensive draining o[X‘ rations are carried out, ajid 
e.sjX5cialIy if many decf) mains have to be constructed, mechanical 
digging machines may be employed. These commonly consist of 
a large revolving wheel, fitted with digging shoes, mounted upon a 
framework and transported on caterpillar wheels. 8uch diggers 
are capable of excavating a draining trench to a grade as they move 
forward along the line of the drain. 

Other forms of mechanical diggers of smaller types are being 
dcvelo[xxl, but require to pass over the line of the drain several 
times to reach the required depth. Stones and boulders may be 
serious obstacles U) their use. 

Mole Drains. — At the present time the cost of under-draining 
with tile drains is so high and the vahie of farm crc){>s so low that 
such under-draining is rarely profitable, except when the land is to 
be used for the growing of fruit or other valuable crops. Under- 
draining by means of the mole plough is comparatively cheap, and 
its results may be very satisfactory upon land which is suitable for 
this tyjxi of draining. 

In mole-draining no tiles are used in the minor drains, which 
are formed by the haulage of a bluntly-pointed bar of iron called 
the “ mole ” through the subsoil at the required depth. This mole, 
which varies from 2 in. to 4 in. in diameter, is generally fitted be- 
hind with a hall or “ plug ” of slightly greater diameter, wdiich 
squeezes the clay outwards, leaving a cavity after it has passed, 
which subsequently forms the drain. In plastic clay soil the walls 
retain their shape under favourable circumstances for several years, 
but in friable soils the walls quickly crumble and the mole-drain 
becomes obliterated. Mole-draining, therefore, can only be prac- 
tised with advantage on stiff, heavy soils, and is unsatisfactory 
in friable soil. 

7'he mole plough is not able to accommodate itself to irregu- 
larities in the surface of the land. If it is hauled over an irregular 
surface the mole drain w ill show similar irregularities, and these wdll 
(juickly become silted up wdiere the hollows occur. Mole-plough 
(iraining is, therefore, only suited te land where the surface gives a 
regular fall, and it is desirable that the fall shall be considerable. 

Another undesirable condition for mole-plough draining is the 
[)resenee of large boulders or patches of })orous sand or gravel. The 
f(jrmer are liable to throw out or break the plough, and the latter 
results in the drainage w'ater being led into the porous patches, 
where it is trapped, and ])roduees wTt patches in the field. 

In the most primitive method of execution, the mole plough is 
started from the hank of a ditch, so that the mole drains evacuate 
directly into it. This j)ractice is unsatisfactory for several reasons ; 
the outfalls quickly become blocked ; the ground by the side of the 
ditch is frequently rough and irregular, so that such outfalls are 

E 2 
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often very faulty ; and wlien steam engines are used for subsequent 
eultivation of the field the moh‘-drains are liable to be squeezed in 
by the weight of their wheels, ft is, therefore, desirable to dig and 
construct ade(|uat(' tile drains to serve as rnaijis inb) which the 
moles may' empty. When steam engines are used for haulage th(*se 
mains should preferably be constructed bedore the mole-draining is 
executed. The mains should be sufficiently frequent and of large 
diameter, bt'cause when mole drains are freshly made the water is 
very rajudly drained away by them. Fir some cases the mole drains 
are connected to the tile mains by th(‘ use of three or four small 
tiles after the “ moling is finished. In other (*ases the connection 
of the moles to the mains is accomjdished liy placing a porous lay(*r, 
about 6 in. de(q>, above the mains when these* are dug, and then 
drawing the mole-plough direef ly across it. 1die mole-drains empty 
their drainage w'ater into the porous material, and the water pass(*s 
easily into the mains. The layer may in some cases be fornu'd of 
clinkers or ashes, aTid in other cases hawthorn branches and other 
Fuaishwood is carefully laid al)ove the pipes before the eartii is 
filled in. 

In the first ])ra.ctice of mole-draining, (lir(*(*t haulage by hors(*s 
was used, but this proved, ing(meral, unsuc(*(\ssful because* tlu*- })ow(*r 
was not sufficient to haul the mole* at an a,(i(*((uat(* d(q)tl). Better 
results w(*re obtained whcTi h(*rse-pow(‘r was a])])li(Mi tliiough the 
use of a windlass, but this was very slow work. The most suitable 
form of pover is the stationary steam engua oj)eratirig a, double 
rope ])assing round a windlass fixed to the mole-plough its»‘it. This 
proviflcs am|)k‘ f)ou'er for the haulage of the large mole-j)]oug[» at 
any lecjuir’cd (h^ptfi and ov(u surfaces of land in an}' condition of 
wetness or textui‘(‘. In r<*c(nt. y{*ars successful mole-drainage has 
i)e(m ae/.‘om]rlis]i(‘rl by tire moi-e pow(‘rful types of traidor, esp(*eially 
viuMi o])(*ratc(l u]>()r) grassland when tie* rjonditions are not too 
wet. Sucli work must generally be (hme with a small rnoU* and at 
a ](*>ser d(‘|)th than vv'itli tin* steam engine, hut ;^iu(*e i, -actors are 
nnv\ conimonl}' a.\ a liable in all districts, a.nd t hf* f'ost is low, tnietor 
mok^-draining pr'oaudcs a. rrsr'ful m(‘t hod f<-r‘ femporary^ v'ork. 

The de])th of nioi(*'dr’a ining should vary according to lh(‘ ])OW(*r 
availabk* and the nature of tie* land. When st(aim cngin(\s a.r(* used 
with a ‘bin. to 4-ni. mok* tin* d(‘pt.h may var\' }>etv(*en in. and 

in. Tractors arc* rarely abk* to haul a. mok* gr’catcr tlian 2 in in 
diauK'ti*!-, and the dcj*th shovdd not less than 2n in , hut, it ma\ 
hav e ^o he ir the ]»ow('r of th(* tract, or is niade(pia^< 'TIk* dislarc'e 
betwe(‘n the drains n(*eds to be l(\ss than with ])ipe dia mage*, b(*eause 
tlie draining is j(‘ss etheient. ddn* width should \ ary ^)'‘tv^ e(*n t) ft. 
and 12 ft. apart, aeeor'ding to c.inn instances. 

Moieaii’aining may in some (-ases operate .sm cessfuliy for’ as long 
as ]() }ears. hut in other cases will l)f*eonie fault} iji a much shorter 
time. Mueli (h*])eud.s upon the (ran* in ex(*cution. tin* ])r(»vdsion ot 
adequati* main drains and tlnr natura* of Ih** soil. Amongst tin* 
causes leading to the dcstrtiction of mok* drains arv, tin* presence of 
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moles, which quickly fill in the drains, and the deep cracking of the 
holds during very severe droughts. 

Deep Draining or Spring Tapping.—Water passes easily through 
sand, gravel or other porous layers in the soil. These layers, 
therefore, te^nd to become water-bearing. It is through these 
layers that water finds its way to wells or to the floors and 
sides of streams and rivers, l)ut when the placing of these layers is 
such that no free outlet is available, the water is held up, and as 
more water finds access to the layer the water-table rises. Tlje 
water in the lower levels is subjected to considerable pressure, and 
it may be that springs are formed on the lower slopes of the valleys. 
These springs give rise to wet, marshy places wherever the spring 
water runs over the surface of the land on its way to the river or 
stream in the bottom of the valley, it was for conditions such as 
thc^se that Elkington developed his system of spring -tapping, which 
was extensively practised in the eightf^enth century, and much of 
the good work is still functioning though it is commonly not recog- 
nized as such. If, however, the ditches in the lower levels of many 
of our river valleys are carefully examined it will be found that 
springs are pouring water into them or that water is seeping into 
them from porous layers in their banks. These ditches, w’hich now^ 
often form the boundaries of the fields, w^c^re originally dug for 
drainage purposes, and were they to b(‘ again filled in and no outlet 
given to the spring- w'ater it w'ould be found that the land for some 
distance below and abov(‘ th(‘ ditch would rev-ert to the marshy 
conditions which prevail(‘(l before th(‘ dit(‘h was diur. 




Fig. 29. Section and Plan of a Hillside 
Showing Method of Draining Springs. 
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The diagrammatic section and plan of a wet, springy hillside 
will best explain one simple application of the methocl. H (Fig. 29) 
represents the line of crest of a hill, the top of which is composed of 
porous soil. When rain falls the water sinks into and through the 
soil until it reaches the clay below, where it is held iiyi. As more 
rain falls the water-table begins to rise and springs develop at S, 
causing marshy conditions between this and B, which rey)resents a 
brook in the bottom of the valley. During periods of heavy rain 
the water-table rises still higher till springs begin to develop in 
succession at S' and S", and the marshy conditions extend higher 
up the hillside. The springs at S' and S" are intermittent and stop 
running in periods of dry weather, when the water-table falls below 
them. Such springs were termed “ false ” sj)rings by Klkington. 
The low^est springs, represented by S, run continuously, and were 
called “ true ” springs. Elkington found that if shallow drains 1) 
were dug at any point on the marshy slope they would collect a 
certain amount of water, but that if they w^eie not dee]) enough to 
reach the porous layer little real good resiilted. If, on the other 
hand, the ditch was dug deeply to reach the porous layer, or if 
occasional holes A were made with an augur through the floor of 
the drain to the porous layer below, then water gusht'd upwards 
into the drain, which evacuated large volumes of water and quickly 
drained the marshy places. 'Phe line of drain 1) 1) 1) shows how 
a single deep drain, placed above the line of the “ true ” 8j)ring8 
tapping the porous layer, might drain a relati\ ely large area on the 
sloping sides of a valley. 

'Ihe diagrammatic ])resenUition makes the execution appear to 
be simple. This, in practice, is far from being the cast' until a can'- 
f\d exploration of the subsoil, by means t)f inspection lioles, has 
been made. The aim of the drainer must he to attempt to mark 
down the line of the “ true ” springs and then to tap these by means 
of deep, well-planned ditches or drains. If drain pipes are used to 
eojivey such spring water it is important to use tiles large enough 
tt) convey the relatively large amounts of wab'r tliat will have to 
he dealt with. Sue!) drains, carrying s})nng water, will run during 
spring and summer as well as during the dormant winter. 

These drains are, therefore, likely to be blocked by de('])-ro()ted 
cro}>s such as sugar beet or mangolds or weeds, and especiallv by 
trees such as willows, tlie roots of which may travel along the ])ip<' 
for 40 yards or more. Drains used for the und<T-drauiagt' of rain 
water only carry little or no water during the period ^ f active root- 
growth of plants, and, eon.sequently, there is iic» inducement for 
such roots to grow into them, but. drains carrying spring- water 
during summer, and especially during periods of drought , art* v(‘i y 
liable to such blockage. For this reason opt^n drains are gencrallv 
ado])ted for this system of drainage. 

The system of deep-drainage has htMui rejiresented by one case 
in its simplest form. It will readily be seen that many diff(*rt‘nt 
and more complicated conditions may arise in practice and will 
require different treatment in detail. 
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MANURES AND MANURING. 

Effects of Faming. — In the section dealing with soils, the meaning 
of the terra fertility, as well as the various properties of natural 
soils and the constituents which contribute to it, were considered. 
It is the purpose of this section to consider what effect the growing 
of crops or husbandry generally can have upon fertility, what 
practices may lower it, and by what agencies it can be maintained 
or augmented. It has been shown, in the main, to depend partly 
on the physical texture or tilth, partly on moisture conditions, 
partly on bacterial activity, and partly on chemical composition. 
Man attempts to influence these various factors by suitable tillages, 
rotations of crops, and the addition of a number of substances, 
which will be considered in detail. Some of these are added simply 
as plant nutrients while others fulfil a dual purpose of feeding the 
j)lant and of improving the physical condition of the soil, thus 
making it a more suitable medium for crop growth. Leaving aside 
for the moment the question of tilth, and confining attention to 
plant nutrients, it is a useful starting point from which to consider 
manuring, if the farm is viewed as a unit containing a limited 
amount of organic matter, nitrogen, pho8})horic acid, potash and 
lime, and, in addition, a number of other substances of which the 
store in the soil is found ample except in a few unusual circumstances. 
Before the farm is established, vegetation of sorts occupies the land. 
This is Hup[)lied with food from the soil and the atmosphere, and 
on its dying upon the ground it adds to the stock of humus and 
nitrogen, and returns the mineral matter which has been drawn 
from the soil. By this proc(\ss the soil has gradually arrived at a 
certain level of fertility. If now man takes possession and grows 
crops to sell away, he at once disturbs the balance of this system, 
and very rapidly lowers the fertility of the soil by the actual 
removal, particularly of the constituents named, in so far as they are 
contained in the. products removed. Idiis loss may not be appre- 
ciable when considered in relation to the total reserves present in 
any soil, but it must be remembered that it falls primarily on the 
available portion of the total, and so the soil becomes unable, in 
many res])ects, to ])rovide anything like the amounts of some of 
the individual constituents necessary to keep up a high level of 
production. If the crops are used solely for the feeding of stock, 
or animal products for sale aw'ay, the inroads on fertility are less 
serious, because a good deal of the more valuable constituents is 
returned to the soil in the animal's excreta, and a noticeable feature 
of this type of unit is the concentration of fertility in certain parts 
(‘f the farm, for example, round the farmstead and in the better 
pastures. Nevertheless, a certain amount of loss takes place. 
Ihirsuing (this line of thought, a compensating effect is now 
encountered. Food, especially of the more concentrated kind, may 
h<^ bought in for the stock, and a good proportion of its nitrogen 
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phosphates and })()tash roniains on the farm, thus augimuiting the 
natural res(TV(‘s. Tliis is entiroly to lh(‘ good, so long as it ha|)}>ons 
in respect of all tlie more important const it lumts and do(!S not 
result in any one of tlieni l)ecoming markedly dtdicient. ddi(‘r(^ is a 
last feature of a farming unit to be consid(‘r(*d, and that is the 
deliberate importation of fertilizing substance's from (‘xtraneouH 
sources. 1'he main lines of movement of nutricmt materials are 
shown in the diagram : — 



From this it will be seem that a certani ainoimt of nutriojit 
material is constantly being removed from tiic' farm in the form of 
crops or animal produce, a certain amount is circulating — from the 
soil, through the crops, stock and farmyard munur(\ hack to the* 
soil, and a certain amount is obtained from the atmosphere, ix., 
nitrogen and carbon, or bought in as fc^c'ding stutfs and manures. 
Thus it will be realized that it is possible to balance gains and losses 
by adjusting the farming system to the inhcTcmt fc'rtility of tin* 
soil, or to raise the levcd of fertility of the soil and increases its 
production or turnovcT. It is ecjually possible also, by sjKK'ializing 
in one dirc'ction. to imj)overish the farm in onc' or two main con- 
stituents unless measure's are taken to rcjilenish them from outsich* 
sources. 

Many different systems of farming arc* j)ie«'ti<-ed x can Ix-i 
designed to make the* most of thc' fertility of thc'soil, but ttu' decisive 
fac^tors in adojiting any one are mainly tuainomie, so that it is more 
useful to coiisidcT various prominent farming opc'iations and the' 
fertilizcTs jirocurable than to discuss the subject from the point of 
view of any particular systc'in. 

Fallowing. Ihc l>enefits of fallowing as a mc'ans of r<\st()ring 
the fertility of the soil were forecal on tlu' farming eommuiut v at an 
(‘arly date. When agriculture' cauisisted most U o^ ■ orn grou ing 
and sparse grazing, man soon found that hc' inevitaiii v e.xhausted 
the soil to a markcHl extent and was forcted to adopt a svsiem by 
which he rested his land at regular intervals. He next disc-oca red 
that it was helpful, not simply to leave the soil to Its own efforts at 
recuperation, but to assist the process f»y tilhiges during the rc'st ing 
period. Thus the systematic fallowing of land be'came an estab- 
lished practice and remains to this day. ddic' (‘xplanat ion of thc^ 
benefits produced is not even now fully understood, f)ut it is known 
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to a certain extent. Some of the more obvious beneficial effects of 
the fallow are the killing of all kinds of weeds by the actual drying 
out of the soil, the improvement of texture by alternate drying and 
wetting, coupled with effects duo to temperature changes, and the 
accumulation of nitrates through the work of nitrifying bacteria in 
tlie absence of a growing crop. It would appear, however, that 
there are benefits beyond these. It may be that the drying ^ . 
heating efff‘cts on the colloidal coverings of the soil particles are 
such that on n‘-w(^tting, a largc^r amount of the phosphate snd 
potash in the soil comes into solution, or at all events is rendered 
more accessible to the general influences which render it suitable 
for absorj)tion by the jjlant roots. 

Green Manuring. --Occasions arise in fanning practice w'hen it is 
pr(‘feral)lc, instead of leaving ground unoccupiefl for an interval, 
to grow a croj) witli the expre.ss j)urj)o.s(* of f)loughing it in later. 
This process is known as gn‘(*n /nanuring and has undoubted 
advantage's in sonu' circumstances. Its successful employment 
depends ehicdlv' on rapid seeding and growth, and in this respect the 
use of a tractor is often the (haisive facdor. In the event of it 
being dt'sired to follow up one croj) with a green manure crop in the 
Htinu* year, it is essential to g(*t the latter in quickly before the bare 
compacted surfaci* hdt by its predecessor becomes totally dried out, 
a condition uhicli folkovs rapidly, in dry weather, on the removal 
of the {’overing crop, (dxaui manuring is also useful as a means of 
cons(‘rving the nitrates accumulated during any fallow period, if a 
rotation crop is not folhnving at once, to utilize them before the 
winter rains, and also as a means of adding to the store of organic 
matter in the soil. Various crops are employed, such as mustard 
on chalk soils, lu pint's on liglit sandy soils, and tares on heavy soils, 
ddit* ])rocess is not always successful, and its value appears to be 
ath'ct(‘d })y mutdi tlie same factors as those affecting farmyard 
manure. 'I Ik' failurt's occur on light .sandy soils in the drier parts of 
tlu' country and appear to bt‘ due to much more ra})id decomposi- 
tion of the organic mattt'r and to the utilization of the nitrates in 
th(^ soil l)y tlu' bacteria bringing this about, .so that so far as the 
next surfaiH' crop is concerned, the soil is rendered slightly less 
fertile. A similar (‘fleet may sometimes })e encountered where 
straw is })lough(‘d in immediately before a corn crop, and can be 
attribut'd to tin* same causes. The operation of the factors which 
make grt*en manuring succes.sful are much the same as those con- 
ctTiied with alternate husbandry, by means of which the land, 
when under a three or four years’ lev, is considerably enrichesd in 
humus and nitrogen, wliilst at the same time producing cro})s of hay, 
so that when the lev is }>roken up, the benefits are particularly 
.i})par(uit both in the ease with which a tilth is established and in 
the (‘uhanced yields of the arable crops which follow. 

Farmyard Manure. — In spite of the growth of the fertilizer 
industry, farmyard manure is the mainstay of Briti.sh crop prodiu'tion 
and is worth all the care and attention which (*an be bestowed upon 
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it. It is the product of the intermingling of the faeces and urine of 
various farm animals with straw or some other form of litter. There 
is obviously great variation possible in its composition, but in spite 
of this the properties of the final product are strikingly constant . A 
consideration of some of the factors involved is of use in explaining 
the points of practical management of this commodity. Of the 
material fed to the animals the chief fertilizing value obviously lies 
in its content of nitrogen, phosphoric acid and })otash. The 
following approximate figures show the varying extent of these 
constituents : 

PhoHphoric 



Nitrogen. 

Acid. 

Potash 

Decorticated cotton cake... 

7 

3 

2 

Undecorticaled cotton cake 

H 

2-5 


Beans 

4 

1 

13 

Oats 

2 

•(> 

•5 

Meadow' hay 

lo 

•4 

1-6 

Oat straw' ... 

• 5 

•3 

1 

Swedes 

•25 

1 

2 


Different foodstuffs are of varying digestibility ; some of their 
constituents, both from the point of view of organic compounds 
and of manurial value, ])ass through the animal unchanged, and it 
seems reasonable to assume that what proves indigestible to the 
animal is not likely to be “ available^ to the plant until it has been 
broken down by some suitable agency. Of the f)ortion of the food 
digested, some is used to provide energy for tlie animal and is in 
effect burnt up, sonu' is stored as fat, and some is used to replace 
body tissues. The digestible fats and (“arbohydrates cemtain 
nothing of manurial value, and that |)ortion of tlnnn \vhi(‘h is not 
converted into animal fat is got rid of entir(dy c.s \vat(‘r and carbon 
dioxide, The undigested ])ortjoiis ar(‘ voided as fasu's. T)ie 
[)rotems are the nitrogen- bf^aring const itiumts, ;unl of tln^se a good 
deal may b(' used in producing growth (flesli), milk or voung, thus 
ultimat(dy leaving th(‘ farm. But a eertairi arnoimt of tin' prolein 
is us('(i to ref)iae(‘ similar ('omjxmnds vojisiimrd hy wear and tf‘ar 
in the animal s borly. aud this is tin* portion whose nitrogfoi af)[)ears 
in till' urine as (‘oni])arati\'eIy siinpK‘ e.fjiri pounds, sueli .as urcui, 
whic li has bemi (‘olleeted in a soluble form by the kidneys and tlnuK'e 
jiassed out dissoKed in wat(T. The asJi eonstit inmf s phosphoric 
acid and fiotash, also a[»])ear partly in tln^ urme. The main lines 
e»f these various processes are s(‘l out grajihiealh on page 1(17. 
Examination of this diagram will show that w-^^knig horses, 
fattening sto(;k and stort' animals will not retain mueh of tin* 
manurial eonstitueiitH of tludr food, whih* growing stock, |»n*gnant 
animals and animals in milk will takt‘ a goo<l di-al espinualU’ of tlie 
nitrogen and phospiioric add. 

The litter also lias a definite contenr of niaminal (a>nst itnents, 
as shown in the taljle above (?’. oat straw ). Its first function is to 
absorb the urine, although conditions in wlii(‘]i it ai eoinjilishes this 
to any consideratile (‘xtent are rare. Straw will absorb two or 
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throe times its own weight of water, while })eat moss or similar 
material can assimilate as much as ten times its own weight of water 
and in addition can absorb considerable amounts of ammonia gas, 
a compound which is formed in considerable quantities on the 
decomposition of urine. Its advantage over straw in this respect, 
however, is offset by its stability and its resistance to decay, so that 
it docs not rot down in the same desirable manner as farmyard 
manun\ 

Thus, at the time of production, farmyard manure consists 
of a crude mixture of straw, faeces and urine, commonly termed 
“ long dung,” but this at once begins to undergo various changes 
which result in it ultimately producing a ve ry uniform material in 
V hich many of the original differences of composition, due to the 
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tyj)t‘ (»f animal. licliness of food, amount and type of litter hctv(‘ 
fKMTi ('onsjdrrahl\ indigated if not obliterated. To begin with, the 
bulk of tile inaniirial constit muds arc in the urine, so tliat to tin' 

' \tcnt that tliis is allowed to drain av\ay. they iiccome a total Joss, 
(aijuid manure tanks and suilabk' drainage systems aaoid this loss 
''>her»‘ tlu'y exist, but with tin' iner<‘asod ust^ of water for washing 
j>m'))os(‘s in eo^\sheds (be diflieulty of ming tlnun to tin* best advan- 
'ag(‘ lias been aggrawa ted. Tln^ soluble eoinpomid of nitrogen, urea, 

\ (‘ry (jmekl\ converted by bacteria ini o ammonia. Its presciiee, 
particularly in st allies, is usually obvious. It appears as a gas 
'•> iu nev(‘r the litter or Hoor dries tad. but so long as conditions are 
teoist it remains in solution. 'I’liis (‘hangi' of urea inti> ammonimn 
iiijiomhh is oiil\ one of many which live luaiugld about by lia.eteria 
ei tiu* manure beaje Each ebang<‘ comes irdo [iromineui'c as the 
l oiiditions of moist iirt' and aeration in the Inuip b a-oine suitable, 
i b(* most impoT'taid art' as 1 o!l(u\s ; ~ 

(I) d'iit' eoint'rsiou of urea- into ammonium compounds. 
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(2) The fernieiitation of the carholiydrrites of th(‘ litter and 
faeces with the jjrodiiction of lieat, various gases, such as 
carbon dioxide, metJiane and hydrog(ui, and a decay(‘d mass 
of organic matter richer in carbon and darkt^r in colour than 
the original straw. 

(3) The breaking down of the proteins of the litter and f feces 
into simpler compounds of nitrogen such as ammonia. 

(4) The assimilation and fixing of nitrogen as ])rotein in the 
l)acteria. 

These changes liecome manifest in the gradual disappearance of 
any recognizable structunn the whole hcaj) t(‘udiug to bec'ome 
uniform in texture and colour. TIh^ raw soluble eomj)ounds of 
nitrog(‘n gradually disapjx^ar, and drainag(‘ from tlie lieap takes on 
a dark brown or black colour. This is dung li(pior. and its appear- 
ance is due to the j)resence of solul)le comj)ounds of ammonia and 
organic matter. When all these changes an^ well advanced, tin' 
heap is in the condition known as ' short dung." There is 
inevitably a great amount of wasting in tin* heriji. both as regards 
total weight and amount of h'rtilizing const it inuits. Observations 
indicate that some 15 per cent, of the nitrogt'ii is lost in the first 
few days, and that this loss steadily increases to as much as 40 or 
50 per cent, as storage continues. Yet. in spite of this, tin' final 
product as a rule is richer in nitrogen tlian the original com[)()nents 
owing to the com])aratively greater loss which falls on tin' non- 
nitrogenous constituents. In the diagram Ix'lou the main (‘ha!ig(*s 
in a manure' hea]) are set out : — - 


LONG OUNC STAGE 

FAECES. URINE 


CARBOMYDRATtS t PROTEINS 


CONVERTED 


UREA. .. 
BY BACTERIA. INTC i 


CARBON OOXIOC 


AMMONIAisocoslT) 


OTHER CASES 
insoluble MUMKiu 
soluble COMVOyMIl 


AS STA»tf 

NifntjcrNOus OJMPOOMOJ 


OUNC LIQUOR -• 

SHORT DUNG STAGE 


Itefe'rence may b(' madt*. iji addituui, to out* or t w n spt'cific 
points lu tin* juaking of farmyard nuiimrt*. Tin* me al los.s(‘s td' 
uitrognii may !)(* miuimizi'd by allowing nuninrf* t * accnrnn latt 
heiK'ath the animals, a ]‘racti(*(‘ carried out with suc'‘(‘s.s in tin' cast* 
oi tattt'Tiing aniinaJs in suitable eoner<*t<‘ lirn*t| ho\fs. Tin' (la,il\ 
r(*inoval of inaiiure* leads to t.ln' lu'avit'st initial losst*., (‘spt/cialj \ it 
it IS thrown ont into a v ard in casual fa..sjiion Loss(*s in ya.rds ami 
hea])S may be cut down by eolieeting tin* manure in a W(*ll coim 
})actt‘(l heap on a eoneavt* surface kejit free from siirfa(a* and roof 
(Iraiiia.ge. 



KAKMVAHf) MANUHK 


109 


F]iiougli haH })epn .said to de.scribe the nature of the fertilizing 
constituents in farmyard manure, both in tlu^ long and short dung 
stage. It shoidd, however, l)e realized that although it is a general 
fertilizer, it is not well balanced. An av(Tage s^imjde contains 
about -7 per cent, nitrogen, 25 per cent, phosphoric acid and ‘5 per 
cent, pota.sh, so that the amount of phosphoric acid is ve^ry low in 
comparison with the other constituents. If these figures are con- 
verted into their equivalents of the common fertilizers, a ton of 
dung will provide the same constituents as | cwt. of sulphate of 
ammonia, ^ cwt. of superphosphate* and 1 cw t. of kainit. Expressed 
thus, the deficiency of phosphoric acid is better appreciated. 

But the content of the three main plant nutrients in farm- 
yard manure is not its only value ; indeed, its beneficial effects are 
probably due in a greater degree to other factors. There are three 
points with regard to the humified organic matter in it which must 
be borne in mind. Firstly, this constituent exerts a profound 
influence on the tilth of the soil, whether it be light or heavy. It 
opens up heavy soils and gives body to light soils. While it 
improves drainage and aeration in the former, it improves the w'ater 
holding capacity of the latter. Secondly, its content of stable 
nitrogenous compounds makes an almost })ermanent addition to 
the fertility of the soil, wdiich, by its continuous use, is considerably 
increa.sed. Thirdly, it exerts some peculiar but markedly beneficial 
effect on young leys of leguminous crops such as clovers. Finally, 
considered as a whole, the use of farmyard manure is the best 
means of maintaining fertility, for it mitigates to a great extent the 
effects of seasonal variations in weather, and in any one year it 
gives the most equable effect. 

Tt has been j)ointed out that any disturbance of the heap leads 
to renewed bacterial activity and further loss of nianurial value. 
This point is of importance in a}>plying the manure to the land, and 
recent experimental work has stressed the advantage which is 
gained by folloAving uj) the carting on to the land by spreading and 
f)loughing in with as little delay as possible. It is rarely the case 
that a farmer ever has as much dung as he would like to put on his 
land. With this difficulty in mind, and remembering the lasting 
effect whicli farmyard manure has, its deficiency in pliosphoric acid 
and its cost of ])roduction, tlu*re is a strong case for the judicious 
use of purchased fertilizers to supj)hunent the home product and to 
gt't from it its maximum effect in maintaining the productivity of 
the farm. The following figures indicate the possibilities in this 
direction : - 

£ s. d. 

loadb of fartii}Hni iiminin* at T.s. (h 1. ... ... ... ... 7 lO 0 

10 loads of farmyard manure at 7s. (id. ... 

1 t'wt. sulphate of ammonia 
3 ewt. super])hosphate 
J t;wt. muriate of pota.sli ... 


15 


0 
0 

4 9 


£4 % 9 


10 loads of farmyard manure -j piirehased supjilement 
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7s. 6d. is taken as the cost of farmyard m mure in the yard. The 
additional expense of the application of tiie larger quantity has 
also to be tal^n into consideration. 

Before leaving the subject of farmyard manure, some reference 
must be wade to recent work on the subject. The most interesting, 
without doubt, has been the elaboration of a process for the artificial 
production of manure from straw or other vegetable refuse, which 
followed on discoveries made at Rotharnsted on the nature of the 
changes proceeding in the manure heap. Briefly, it was found 
that two sets of organisms, working independently, brought about 
tAvo main results, the one the rotting of the straw and the other the 
fixation of iiitrogen. It was also found that +he former needed a 
supply of readily available nitrogen compounds to enable it to go 
on. By building up a heap of straw', layer by layer, each of which 
was well watered and given a sprinkling of chalk, and by washing 
in some easily soluble nitrogenous fertilizer such as sulphate of 
ammonia, a complete rotting down of the heap to a product which 
w'as very like short dung, and which gives the same results in the 
field, w^as effected. The process has been further devel(>ped and is 
now handled on a commercial scale by a non-profit-making s\mdicate 
kjiowii as Adco, Ltd. 

In the making of farmyard manure it would appear that the 
great importance of the urine lies in the fact that its content of 
soluble nitrogen compounds enables the straw -rotting organisms to 
do their work, a ])()int w’hich would seem to have a bearing on 
the quantities in which straw’ should be supfilied as litter. To 
])rescribe a definite figure, such as 1 ton of straw to every 100 Ih. of 
digestible protein in the food supj)lied may be a counsel of j)erfec- 
tion, but it is based on facts which ani well worth attention in the 
making and management of farmyard manure. On th(* Continent, 
work lias been done of recent years on the (iontrol of the f)rocess of 
making farmyard manure, and mucii controversy has arisini on 
the E]delmist Frctcess. This aims at encouragiiig aerobic 

fermentation in the heap during the first few' days of its existence, so 
that a temperatur(“ of 00 —70' ( •. is reached, aft(‘r wliich the heap 
is compacted by pressure, proleeted from the vveuther and left 
undisturbed for four montlis. 'the advocates of this proc(‘KS (‘iaim 
tliat the manure is thus eoinplcU^ly humifieii and that all wo(‘d 
steeds are killed. 

Liquid Manure.— Reference has been made to the urine of 
farm animals and its comjiositioii and the loss iin > Ived in the 
absence of any liquid manure tank sysUnn. Ttie )»rofitat)k* utiliza- 
tion of li(juid manure, howover, bristk^s wutli diflicult les. The 
volume jirodueed may l)e too large to store or c\c:\ to liandle, and 
w)ier(*as a tank needs to lx* emptied at regular iiitei \ als, the land is 
not alway.s ready to reeeive its contimts. It is most easily d(‘alt 
with, therefore, on grass land, em which it can he a])phe(i at most 
times. It is im])ossihle to give a e(>mpo.''ition analysis for it owing 
to tlic enormous variations of dilution tn whieii it is subject. 
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UiKlihited urine drainingfl, on the one hand, may be so concentrated 
aH to be harmful to vegetation, while yard drainage during spells of 
wet weather, on the other hand, may be little more than }X)lluted 
water. A (‘omrnon strength, however, is one at which 1,(KM) gallons 
will contain tlie equivalent of 1 cwt. sulphate of ammonia, J cwt. 
of superphosphate and ^ cwt. of muriate of potash. It is in effect a 
nitrogenous stimulant and encourages (coarse rank growth. Accord- 
ingly, its Ixist use is on meadows when yield rather than quality 
may be desirable. 

Poultry Manure. — In these days, when poultry farming has come 
into its own as a 8{)ecialized industry or as a branch of farming, 
the value of [K)ultry manure is becoming more appreciated. It is 
estimated tliat 1,000 birds, jiormally housed, will produce 2 cwt. of 
droppings in a day. If half of this falls in the houses, it is obvious that 
a useful su])ply of manure will gradually accumulate. Its analysis 
varies between 1 and 4 yn^r cent, nitrogen, 1 and 3 per cent, phos- 
phoric acid and -5 and 1-5 per cent, of potash, so that 7 — 8 cwt. of 
it should constitut(‘ an effective dressing per acre, although, like 
farmyard manure, it is comparatively deficient in phosphates. The 
value of the fertilizer will 1 k^ increased if stored under a roof in airy 
conditions, and mixed with one-third to one-half of its owti w^eight of 
dry earth as it accumulates. This improves th(^ ])}iysical condition 
of the manure and lessens the loss of nitrogen as ammonia. Already 
proces.ses have been elaborated for (‘onserving, drying and grinding 
poultry manure. 

Purchased Fertilizers. —In ordmary farming, the piirciiase 
fertilizers consists of buying cf>mmodities containing one or more of 
the princij)al })lant nutrients, namely, nitrogen, phosphoric acid, 
])otash and lime. Eacli of these substances has its particular effects 
on |>lant growth, and as tlie form in wdiich it is offered to the plant 
may also have specific effects, it will be profitable to consider 
individually the maU^rials which are obtainable. Of these there is a 
wide choic(‘ available, and for each one there can In? claimed s})eciai 
advantages in certain circumstances, so that a knowledge of the 
])ro|H=*rtics of the various kinds may enable the farmer to come to 
a decision as to which are most likely to ser\a‘ him best for any 
particular jmrjio.se. It is useful, also, to bear in mind that some kinds 
are available only in comparatively limited quantities, a fact which 
has its effect on the price at wiiic'h they can he bought. In the 
majority of cases a grower will use fertilizers to obtain their effect 
with fair cehu'ity, but m some cases he may be content to get the 
♦ ‘ffe(‘t less quickly while gradually building up the fertility of his 
s^al. In the former case be is best served by a material which is in 
a form immediately assimilable by the plant, or readily and quickly 
oonvert(Hi by bacterial or other action to an available form. Then 

more soluble it is in wat^r and the more finely divided it is, the 
more thoroughljy^ can it be disseminated through the soil and the 
quicker it will act. In the latter case, substances of a more durable 
nature are desirable, such as will release the desired constituent 



IJ2 


MANURES AND MANURING 


slowly but evenly over a long period, so that regular additions con- 
tinually increase the reserve in the soil, and hence the su})ply at any 
particular moment. Other points which are of practical importance 
are the keeping qualities of the manure, its concentration, the ease 
and comfort with which it can be handled, and the evenness with 
which it can be spread. 

Nitrogenous Fertilizers. — The effects of nitr()gen-containing 
manures upon plant growth arc amongst the most spectacular 
which can be achieved by manuring, for they provide the food 
material which is especially responsible for growth, })articularly of 
the foliage and stems. This is to be desired on occasion, but it may 
become a handicap if, for instance, the procliiction of grain is the 
main object of the crop. Though yield increases are obtained in 
all parts of the plant, the excessive use of nitrogenous manure leads 
to the predominance in the yield of the normally less valuable parts 
of the crop, as, fo]- instance, the proportion of straw in a grain cro]), 
or of leafage in a root crop. Its use has a marked effect on the 
appearance of herbage, giving to it a luscious green a])pearance ; 
indeed, the lack of it is often shown by a stunted grov\^h, charac- 
terized by pale- or yellowish -green leaves. Theie are two things to 
beware of in the use of a quick-acting nitrogenous manure ; they 
are its tendency to retard the ripening processes and its tendency 
to produce succulent and weakly growth. Tliese effects become 
a].)parent more quickly when the soil is deficient in phosphates and 
potash. Weakly growth due to this cause has two drawbacks ; it 
may be unable to support the weight of its own .structure and so 
become laid, or it may fall victim to the attacks of fungoid pests. 

Organic Refuses. — In dealing with tlK‘ soil, reference was made 
to “ the nitrogen cycle.” If any individual fertilizer is I'onsidered 
in relation to its position in tlK‘ cv(de, its ciiK^f characteristics, and 
especially its availability or speed of action, can 1)(‘ more easily 
understood. The plants commonly jihsorhs its nitrog(‘n in the form 
of nitrate, and all other forms must first of all lx* eon\(‘rtt'd into it. 

The important organic' refu.se manures are 
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The animal residues originall}^ contain large quantities of pro- 
tein, and unless they Itecorae contaminated with dirt or are mixed 
with other substances during the processes which lead to their 
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production, they may contain up to 15 j)er cent, nitrogen. Their 
utility and value (h‘p('ud partly on their nitrogen content hut more 
on their physical staU*. For in.stance, the harhs of a feather or 
finely-ground fragments of hoof and horn have an obvious advantage 
over pieces of shoe leatluT when considen'd as hutilizers. All these 
materials may he n'garded as comparatively slow acting and useful 
for raising the fertility of the soil, i.e., they have residual values. 
Tluiy are tlierefore in demand hy intensive growers for use ir. 
market gardening, ho]) and fruit growing. This, couj)led with the 
rather limited su])ply, probably explains the fart tliat they ar(‘ 
usually the most highly-priced forms r)f nitrr)g(*n. 

A glance at a ])rice list or market report shows very great varia- 
tiruis in th(‘ prices ])cr ton of different fertilizers. Nitrogenous 
manures as a whole are the most, and ydiosphates usually the least, 
exj>ensive. The Fertilizers and Feeding Stuffs Act ensures the 
description of most of thesr* commorlities in t(‘rms of the amr>unt of 
tilt' main fertilizing constitumits whi(‘h they contain, f .g.. nitiogen 
N, “ phosphr)ric acid " - 1 * 2 ^^ ' potash ” — -K.^O, expressed 

as percentages. One jH^r cent, of a ton. or 22-4 lb,, is usually taken 
as a convenient unit on which to com])ar(* price's : thus, 1 ton of 
sulphate* of ammonia (2(tr) per cent, nitrogen) eeaitains 2(t5 units of 
nitrogen, and 1 ton of nitro-chalk (15*5 ])er cent, nitrogen) contains 
15-5 units of nitrogen. As the jirices per ton of these two com- 
modities are* (Sept., 1931) £5 10s. anel £7 9s. res{)ee*tively, the co.st 
oe*r unit e)f nitre)gen is os. Kfel. in the former and 7s. 9el. in the latter. 
The systemi eif unit prices provieles a u.seful criteriein e)f values, but 
to make it the final or sole test of we)rth is \inse)unei for the reason 
that tliere are e)ther elifferene'cs e)f practical impe^rtance which nay 
considerably me)elify comparative* values as.sessed solely eai unit 
prie‘e*. In the case ed the twe) materials citeel above, for instance, 
the higher cost [ler unit of nitrogen in nitro-chalk may he offset by 
its syiecial value* as a toj) dressing on soils lacking a satisfactory 
icserve of chalk, or on crops whose root system is deep rather than 
shallow. Most fertilizers have their individual peculiarities which 
eive them their highe.st value for some particular set of circum- 
st^jinces, and in these cases the unit price of their constituents loses 
os importance and may be'come, in fact, a minor consideration. 

Shoddy is a bye-jiroduct of the woollen industry. Pure wmol is 
wholly protein and contains lb per cent, nitrogen, so that the frag- 
ments which are discarded in woollen manufacturing as shoddy 
will approach that figure. But in some processes the fabric manu- 
factured contains an admixture of cotton, a substance which con- 
tains no nitrogen, so that it is possible to have almost any per- 
centage of nitrogen in shoddy, according to the nature of the material 
being made up. For this reason shoddy receives special mention 
in the Feitilizers and Feeding Stufifs Act, which exempts it from 
the statutory declaration of its nitrogen content. Shoddy is, on 
the whole, a finely divided material, but it is of such a nature that 
it is bulky and not easy to spread in small quantities. It is highly 
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esteemed by intensive growers, who often apply it at the rate of a 
ton per acre. 

Hoof and horn sirniJarly contains a high propf)r(ion of protein 
and so of nitrogen. Jt is dried and ground so that aii effective 
spread can he obtained with a few humlredweightH to the acre. 

Dried blood also is marketed in a very good physical condition. 
Its content of nitrogen varies as sometimes the drying process is 
helped by the addition of lime which, of course, has its own value 
but must inevitably reduce the percentage of nitrogen in the final 
product. 

Leather refuse is occasionally available as a fertilizer, as are also 
fur, hair, skin, feathers and meat meal. All these commodities vary 
so much from one consignment to another that it is impossible to 
describe them precisely. They all have potential fertilizing value, 
but their value can only be computed with difficulty. Sometimes 
the material is of such a tough nature that it can be recognized in 
the soil for yi^ars ; in this case it is obviously of ])oor value as a 
manure. It is necessary that it should be finely divided or that it 
should be chemically treated in order that it may (msily undergo 
the changes by means of which its nitrogen ccmtent becomes 
available for plants. 

The M^getabh' residues form a group by themselvt's. They are 
usually the result of processes which have extracted certain con- 
stituents of seeds for technical pur])oses, leaving a residue which 
for some reason or other is unsuitable for use as a foodstuff. It 
will thus be realized that they cannot as a rule be very rich in nitro- 
g(Ui. riit' average s(hh 1 contains carbohydrates, fibre, ash, moisture, 
oil and ])rotein. In tin* case of ra})e and castor seed the last tw'o are 
the* most abundant constituents. The oil is <*xtract(‘d for various 
purf)oses, lea\'ing a i(‘sidne in whi(‘h the ])roteiu provides nitrogen 
to the t'Xt(‘nt of about t) per C(‘nt. of the bidk. Small amounts of 
])lios]>horic acid and potash are al.so f)rc.senf. 

All these organic manures have tlndr chief vahic in t)je ir nitrogen 
content, this often bmng of a form which becomes axailabh* 
gradually. In some instances the conversion is so rapid that an 
immtnliate Tx*sponsf‘ is s(‘en in the cro]), and tlie manur(‘ is jaactically 
used up in oih^ sfuison. This is the case with dried blood and seeui 
refuses. With others, sncli as .shoddy, hoof and liorn, fur, i(*at}ier, 
etc , are gn'a.t(‘r or less nssidual effects, so that tficir u.s(' results 

m an improvement m the fertility of the soil of a sfuni-permaiient 
nature. Tins prop(Tty is refic^cted in the practice of . warding coin- 
})ensation for their ns(^ on the t('rmiiiation of a tiuiancy. V'oelcker 
and iiall, for instance, on the ground of ('X])eri mental results at 
Rothamsted and Woburn, recommenfl that for shoddy, fiir, hair, 
hoof and horn, half value should he allowed after one (TOp, one 
quarter afUu' two crojis, one eighth after three crops, and nothing 
after four (Tops. 

Artificial Nitrogenous Fertilisers. — I'he fertilizing value of many 
of tlie organics refuses has been knowm for years, Init in and since 
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the last century a number of simple chemical compounds have 
been discovered and developed as cheap and convenient forms of 
nitrogen. Of these, sulphate of ammonia, a bye-product from gas 
works, and the naturally rxjcurring nitrate of soda of Ofiile were, 
for many years, the chief representatives, but at the present day 
they are equalled in importance by the many synthetic forms of 
nitrogen now manufactured, particularly sulphate of ammonia, 
nitrate of ammonia, nitrate of lime, cyanaraide and muriate (n 
ammonia. The world production of these nitrogen compounds is 
made u[) of roughly two-fifths sulphate of ammonia, of which more 
than a half is synthetic ; one-quarter Chilean nitrate of soda, one- 
tenth cyanamide, one -eighteenth nitrate of lime, and one-sixth 
other synthetic forms. These approximate figures giv(* some i<iea 
of the relative importance of the v^arious commodities, though tlie 
proportions in w’hich they are employed in various countries varies 
a good deal. The discovery of means by which the huge reserves 
of gaseous nitrogen in the atmosphere could b(‘ emj)loved to produce' 
solid compounds of this element was made before the threat War. 
but that event gave a tremendous impetus to commercial }>roduc- 
tion, so much so that the older bye-product and natural forms have 
now fallen to second place in importance. 

The merit of the.se artificials lies in tlie fact that they provide 
nitrogen in a concentrated form, convenient to handle, comparatively 
cheap, and readily a.ssimilable by plant roots. Nitrates are the 
compounds which in the soil form most of the plant's source o^ 
nitrogen, and ammonium compounds are only oiu' stage removed 
m this respect, being easily converted to nitrates by the action of 
c(utain bacteria in the soil. Each kind has its merits and de-merits, 
and to make the best choice it is necessary to consider these in con- 
nection with the soil and crop on which it is intended to use them. 
For instance, ammonium compounds are better suited to well- 
limed soils, while fertilizers containing a lime base liave an advantage 
for general purposes on soils which are or tend to be acidic. Again, 
ammonium compounds seem to favour shallow-rooted crops such 
aw barh^y or turnips, while nitrates have an advantage with more 
deeply rooting individuals such as wheat or mangolds. The reason 
lies in the fact that whereas nitrates steadily penetrate to the 
<l(‘( p(*r and moister la\'ers (»f the soil, ammonium compounds react 
with various compounds in the surface layer and are there fixed, 
althougli f)nly teni})orarily. It is well to remember, howev('r, that 
tlies(‘ differences are more relative than absolute, as ammonium 
'■(•mpounds soon undergo nitrification when conditions are favour- 
ablo and are converted into nitrates. The main characteristics of 
<'ur chief nitrogenous artificials are set out iu Table I., p. 1 Iff. 

Sulphate of Ammonia. — Whether bye product or synthetic, the 
properties of this material are the same. It is one of the most 
u.seful individual fertilizers. Jt is composed of small, even crystals, 
|>erfe(*tly dry, which distribute well and evi'nly. Nowadays it is 
free from traces of acid, with the result tliat it can be kept for a long 
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time without losing condition. As it does not contain a metallic 
[)as(^ its conversion in the soil to nitrate entails the loss of a certain 
amount of the reserv^e lime which combines with the sulphate 
radicle and is washed out of the soil. The effe(;t of this soon becomes 
apparent on soils which contain very little free lime. Its properties 
niak(‘ it the most widely used nitrogenous constituent in fertilizer 
j)rescri})tions. 

Nitrate of Soda. - This substance is probably the most quicklv 
effective of all forms of nitrogen. It does not contain so much of 
tliis constituent as its old rival sulphate of ammonia and falls 
behind it in res])ect of physical condition. The crystals are larger, 
more irregular and more inclined to cake, but on all these j)oints it 
has of late years been improved. It is hygroscopic in tendency 
and so do(‘s not ktn^j) its j)hysical (‘ondition so well. Dn^' of the 
( haracteristic f(‘atures of nitrate of soda is the manner in which it 
fum^tions, indirectly, as a potash fertilizer. The sodium base in 
it reacts with the complex mineral compounds in the soil and 
disj)Iaces potash from them. This characteristic gives it a special 
value with })ota 8 h- loving crops such as the mangold. Another 
effect, but less desirable, connected wdth the same action is that its 
continued use on heavy soils or its liberal use in intensive farming 
on any soil, leads to th(^ production of sodium clay, wliose presence 
becomes evid(‘nt in })oaching, deflocculation, stickiness or loss of 
tilth. 

Cyanamide (Vanarnide, calcium cvanamid(‘* or nitrolim are 
various names used for one commodity, a nitrogenous fertilizer 
v\hich has come into much j)rominence of late years. Its main 
features are a slower but more prolonged, and so more equable, 
a(*ti(>n. and the ])ossession of a valuable amount of free lime, incident 
tu its commercial j)roduction. In practice it is sometimes found 
disagrc^eable to handle, and to avoid the po.ssibility of it damaging 
g«‘rmmating sct*ds or young crops it is advisable to distribute and 
work it into tin* land Um days or more before seeding. Its greatest 
value is as a nitrogenous manure on soils short of lime. 

Nitrate of Lime. — This compound, like cyanamide, is one of the 
torms 111 \s Inch the nitrogen of the air is fixed by synthetic processes. 

contains no free lime, contrary to the impre.ssion often created by 
. nann*, but as it contains the calcium base, it makes no inroads 
■'ll the limo res(‘rv(* of the soil and provides another useful fertilizer 
! ' I and soils and those which have only a small lime reserve. It 
- niarktally liygroscopic and quickly becomes liquid v>n i xposure 
* ' air, a fact well realized by anyone who lias handled it. 
' ia- < hai’act ('I’ist ic causes it to enter tin* soil fairly (juickly eeen in 
di ' wrathrr It has tin* di.sad vantage, houever, tliat it is ncce.ssarv 
t" j»a( k It in airtiglil containers, and once these are opened, the 
■ ant ruts must bt* us(*d immediately, as the fertilizer rapidly loses 
!t condition. 

Nitro-Chalk. This material is a blend of bye-product chalk 
and ammonium nitrate, in an even granular condition, and has 
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achieved well-d(^8(Tv ed poj)ularitv of recent years, adding as it does 
a very desirable nitrogenous fertilizer to the list of those suitable 
for use on soils short of lime. 

There are several other new synthetic nitrogenous compounds 
suitable for use as fertilizers. Although they are not as yet freely 
on the market, all of them have been experimently tried out, so 
that their characteristics are fairly well knovvTi. Some may appear 
in due course as common commodities, or they may be developed 
in connection with the new compound and concentrated mixed 
fertiliztTs which are now' begiimhig to chalhuige the older and more 
familiar special purpo.se compounded manures. Sucli an^ 

Miiriat(? of ammonia oont.ainjn^ 2r) per cent, of nitro^^m 
Nitrate .. 35 

iiiifl t'rea 47 ,, 

In the main they can be regarded as being similar to sulphate of 
ammonia, except in tlie matter of concentration. 

Phosphatic Fertilizers. — Second in importance among the plant 
nutrients commonly added to the soil by means of fertilizers comes 
“ jhosphoric acid/’ This has its owm peculiar effects on the growing 
f)lant. It fosters the development of the seedling and enables 
it to produce a more vigorous fibrous root sv.stem, wiiich, in its 
turn, hudn to a Iwalthy growtii above groujid. Jt counteracts the 
w'eak(ming efh‘(tts of excessive supplies of nitrogcui, and hel])s to 
produce herbage of a much more nutritir>iis kind. Finally, it 
quickens up the ripening processes in the plant, a us(dul and very 
real help with cereals in some circumstances. 

In the following table are set out the composition and main 
characteristics of tiiC' fertilizers, whose chief value lies in their phos- 
})hato cont(‘nt. AH natural forms of phosphate, practically sf)eaking 
are insoluble in water and therefore slow' in ac^tion. There are 
two ways in which tliis drawback i.s ovuTcuune m hutilizf^r practice*. 
'The raw material ma} be treated chemically in order to render it 
water solubh', or it may be ground ver\ finely by suitabie mills in 
<>rd(T to give it a greatly imua^ased surface anui on wlucli the 
dissolving or assitiiilat ijig intluom-es in th(‘ soil and r<M>{s of jiiaiits 
can • i| •rra.t c. 

'riir chief ])hus])hatic fertih/AU's are eom{)arc(l on tlieii salient 
feat I in \s ill Tabic 1 1 , 

Superphosphate. I'lus is the most witbdy usimI phc-^jihal i<* 
icriilr/jT, cjiictlv on acci.unt t»[ it.^ .solubility m w<i,trr aicl of its 
rapidil ', !•[ ai'tion Althoucb it is a strorigl\ acid •• )/ :{•( mud, and 
IS (sanidcred by many practical imm to be a ‘(tiiTnlci! tao cause of 
ac!dit\ in Soils, r.xpc;! opinion now inclines to tic opposite viiwv. 
WdiiciicN t‘r N lew is fornct, this hTtili/cr sctans give its best 
I'csiilts m Ihigland on v\ell limed soil.N (lejiei'.dly speaking, it is the 
most uselti! form to use m all a,ral)le faianijig and t ^peaia!!;. on liglit 
and ehalkv s(a!s. 

Basic Slag. Tins bye-pi-oduet of the st(‘e| indnstrv still niaitl- 
taiiis its reputation ni grassland impro\ emeiit atid on lieavy sv.)ils. 
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Changes in steel-making processes have led to the prodiadion of 
various distinct types of basic slag of very varicnl agri(*idtural value, 
as careful experiments have shown. The old (utric acid test as a 
criterion of th(‘ value of slags has now returned to favour, and at th(‘ 
])resent time mucli English slag can be obtained with a guarant(‘o 
of very high citric solubility. This is a point well vsorth the atten- 
tion of buyers, although slags of doubtful merit under this test are 
not necessarily to be despised. It may be worth while* to peunt out 
that materials like slag, which are insoluble in water, d(*p(*nd 
largely for their succe^ss on thorough incorporation vvitli the soil. 
To ensure a result it is advisable to use a h(‘avv dr(‘ssing such as 
8 -10 cwt. ])er acre rath(‘r tiian 5 cwt., to clioose a time wlien tlu* 
ground is at its barest, and to harrow it well into tlu* soil. Where* 
the surface is covered v\ith a mat e)f turf e)r (*xce‘.ssive‘ amounts of 
dead grass, (*are‘ful attention to this point is (‘ss(*ntial. and drastic 
mechanical treatme‘nt is an e‘sscntial part of the* tr(*atment. 

Mineral Phosphates. Tiiere are* se\'eral forms of this lau 
material on the^ market, all finely gre)unel. 7'he‘y fmiction in much 
the same* way as basic slag anel liave* the merit of a high(*r conte'Ut 
of plios})horic acid, and a much lowe*r price in comparison. ( h‘n(*rally 
speaking, the*y are* less reliable than slag, hut in e-ertaifi circum- 
stances, such as ill r(‘gie)ns of high rainfall and on soils short of 
lime, the*\ \vill often give as striking if sIowe*r re*sults. 

Bone Products. — Kaw bones contain fat. jr(*latine. cakuum phe^s- 
phate anel calcium carhojiate. The fragnu'iits are* (*xtracte*d by 
various me‘ans, sucli as steuim or soIv(*nts. to ohtaiji the valuable 
fats and ge'latine, of v'liich the Jatfe*r part icularlv' lias a d(*hnit(‘ 
fertilizing value, o]i a(‘count e)f its nitrogen (^()nt(*nt. Hone* meal is 
the r(*sidue* after the e*xtraettion of tlu* fat. it ce)ntains 21 p(*r c(‘nt. 
phos])horic acid and 4 per cent. nitr(.)gen. the* gelatine* not having 
been removed. Idie f)oiu* stnu'ture* is still re'coguiza.ble* in the* 
fragments. Steamed boju* flour is the* re*sult of more* drastic tn*at- 
ment. 'The* ge‘latijie being largely remox ed. the* a.moiujt (»r Jiitr(>ij;('n 
falls t(/ 1 ])er cent., while* the phos})horic a(‘id ri.s(*s to 2S p(*r cent. 
At tlu* same* time* tlie product is fine*!* anel uuue dusty, d'lu* [)rese‘iu‘e* 
of the* nitrog>*n and the* diflere*nce in composition be*t vv(‘en the* two 
forms are re*tle*cteel in the‘ir prices. Dissolved bone*s vary according 
to the*ir origiei. T}u*y are made* in a similar manne*r to superjdios- 
phate* by tre*ating one* or other e)f the abovee forms with sulphuric 
acid. The* objeu’t is the same, namely, to render the* jihosphate 
soluble in water, tluaugh this (U)nve*rsion, owing U) te»‘hnical diffi- 
culties, is only j)artially accomplished. Bone products are* mostly 
used in intensive eailtivat ieui, but are* of ge*nf‘ral use* eui very light 
soils. 

Guanos. — The.se fe‘rtilize*rs we^re among the e*ar]i<‘st to be* irn- 
])e)rted intee this e'ountry, anel t}u*y are* still obtainable* anei use*el by 
many grejvve'is. The*y are* tlu* re*sidues e)f the accumulate*el exetreta 
of se*abirel e’ommiinitie*s, anel so originally ce)ntain nitre>ge*n, ])hoM- 
phoi'ic ae*iel anel pe)tash. If the^ de])(xsit occurs in a rainh^ss region. 
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all tlireo will 1)0 prosent Lri quantity, and a nitrogenous guano may 
liave an analysis of 1 1 per cent, nitrogen, 7 per cent, phosphoric acid 
and 5 per cent, potash. Such material is dry, dusty, light coloured 
and pungent with ammonia. But in places whe^e rain falls the 
nitrogen and potash tend to be dissolved out and a phosphatic 
^oiano results. This is dark brown in colour, damp, earthy in smell 
and texture, with an analysis such as 1 per cent, nitrogen, 20 per 
cent. phosj)horic acid and 1 per cent, potash. Most samples will 
vary between these two extremes. The great merit of guanos con- 
tinues to li(^ in the gradual and equable nature of their effects, giving 
them a high value for the production of crops of good quality. 

Potash Fertilizers. — Potash as a plant nutrient nowadays 
re(‘( ives much more attention than it used to. In the plant it is 
found in the stems and leaves more than in the grain. Its function 
is to hel]) to establish and maintain the plant in a health}^ growing 
(condition. It is intimately connected with the assimilation process 
in the leaves and in the production of starch and sugars. This 
h(‘ips to explain its beneficial effect on quality of fruit, grain and 
tubers. Plants suffering from lack of potash show^ a dull blue 
colour in the leaves and often a characteristic scorching. In cereals 
it often results in softn(‘ss of straw' and lodging. The range 
of potash fertilizers is small and the points of difference between 
th(‘ various kinds are not numerous. They are all easily 
soluble in water, but in the soil they are fixed by chemical reaction 
with the mineral complex and so are not liable to be washed out by 
rain. The cliief features of commonly used potash fertilizers are 
shown in the table below . 



Muriate of 
Potash. 

S\ilphate 
of Potasfi 

Pota.sh Manure 
Salts. 

Kainit. 

IVtlrtsh 

oO 

48 

20 31) 

14 

( Viridit joii 

Large, unev<*n 
crystals, 
sligfitl yliygro- 
scopic 

Small dry 
crystals 

Lneven crys- 
tals, slightly 
hygroscopic 

l^ncven crys- 
tals, hygro- 
scopic 

Price per (on . . . 

ilS 8s. 

£10 4s. 

£3 4s. -£4 (is. 

£2 l(is. 

Price {K"r unit . . . 
of applica- 
tion (c\A’(. j)cr 

;ts. 4d. 

48. ‘hi. 

i 

1 

3s. 2d. 2s. 1 Id. 

4s. Od. 

acre) ... 


4 2 

1 

13 

2 6 


(Iiloriih's constitute the chief form of all the potash fertilizers, 
with tlu‘ excejitioii of the sulphate of potash. As for several crops, 
es()(H;ially barley and potatoes, the suljihate radicle seems to 
produce consistently higher quality than the chloride, sulphate of 
potash is the most favoured form of potash for such jiurposes. 
ilitash manure salts are available in standard grades, the more con- 
centrated resembling muriate of potash, while the low'er grades 
approximate more to kainit. This last is characterized by a high 
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content of common salt which has value for certain crops such ew 
beet and mangolds, and is able to liberate some of the soil’s reserve 
of potash. Kainit is of such low concentration that dressings of 
3 to 6 cwt. per acre are not uncommon, and the addition of so much 
soluble saline material to the soil at seeding time is apt to have 
serious consequences on the germination of the seeds. It is advis- 
able, therefore, to get it worked into the soil some time before 
seeding. 

Chalk, Limestone, Lime, etc. — In the section dealing with soils, 
the subject of sourness was dealt with at some length. There are 
several commodities available for use in dealing with this problem. 

Over considerable areas of the country chalk deposits are 
accessible. Rough chalk can be dug and spread on the land with 
great effect, as was done regularly in the past. The practice is being 
renewed, even in these times of depression. It takes 30 — 80 loads 
per acre to be effective, but the treatment may last for a corre- 
sponding number of years. Chalk contains 90 per cent, or more 
calcium carbonate, and weathers down moderately quickly. Crushed 
chalk is more effective, 4 — 8 loads jM3r acre being a useful dressing 
In some places the chalk is kiln dried and then very finely ground 
for sale as ground carbonate of lime ” ; 30 — 40 cwt. per acre is a 
satisfa(;tory dressing. Limestone is much harder material and is 
of little use unless it is ground to the fineness of basic slag and 
applied at the rate of 30 — 40 cwt. per acre. Pre(‘ipitattxl chalk is a 
form of calcium carbonate produced in a very fine states of division 
in various industrial and water softening processes. When dried 
it commands a very high price amongst some intensive growers. 
It contains 95 per cent, or mon* of calcium carhonaU^ It can 
sometimes be obtained wet at a nominal (‘ost when, |)rovidijig that 
It does not ne(‘d to he caited far, it proves a most useful form of 
hme, as favourable weather after leading w ill dry out the heaps and 
enalde it to he spread easily . 

Burnt Lime, Slaked Lime, etc, — Lump burnt liiue is tlu^ pun'st 
lime usually obtainable. Tt needs to be slaked Udore spreading 
and may jirove a wasteful and ex]w*nsive form to us(*. Tlieoref ically 
the' ground form of burnt lime should be an efleetive me'un.s of 
surracHinting this difficailty. It certainly provides a form which 
can he' economically and clTectively spread, hut at a considerahle 
sacrifice of quality iji the product. Commercial lump burnt lime' will 
normally contain 99 jicr cent, or more caustic* lime, but the 
ground burnt lime bought by farmers muedi more freqie ntly has a 
corresponding figure of f>0 — 70 per cent. (jlround burnt lime is 
unpleasant to handle and difficult to store, but given a good sain])le 
it is the cheapest and Ix'st in the long run ; 15 29 ewi . pe'r acre i.s 

a good dressing. Jt is caustic and slightly soluble in water and 
therefore is quicker and more drastic in its action, it is the best 
form for use on foul or heavy land, but sbould not be ap])lied at 
times of active growth. At many lime-burning wTirks, air-slaked 
residues are available at low prices. These are very like ground 
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Inirnt lime in their use and effect, bearing in mind their poorer 
analyniH, uneven texture and milder nature. 

The scope for discrimination on the part of purchasers of lime 
for agricultural use is shown by a comparison of various cases 
encountered in southern counties in the last four years. In all cases 
the price delivered on the farm is taken as a basis of comparison. 

Estimated Cornparri.- 
tive Values based on 
IVue per Composition, C>>st 



CauKtie 

(Jaleiurn 

"rnn de- of 

Grinding 


Lime. 

Carbonate. 

livered. 

Carnage. 

iU'st luriij) bvirnt lime 

H7 

3 

47h. 

478. 

l^ump burnt lime . . . 

82 

10 

30k. 

428. 

( Jroiind biiTFit lime . . . 

70 

10 

32a. 

378. 


74 

13 

34.R. 

388. 


3« 

28 

37k. 

29h. 


45 

17 

37b. (id. 

318. 

A ir-slaked lime 

48 

(*> 

278. 

24s. 

1 ime ... 

47 

it 

21k. <)d. 

25s. 

( Carbide waate 

17 

5 

128. 

148. 

( Jromid chalk 

0 

97 

37h. 

28b. 

, , f « 

0 

9(> 

298. 

288. 

( 'oarHc ^roun<i clialk 

0 

9r> 

1 9h. (id . 

27r. 


Compound Fertilizers and Special Mixtures. — Manure merchants 
and, in these days, many seed merchants, sell numl)ers of complete 
manures for various crops and for special purposes. Each one has 
its particular analysis and make-up. At intervals controverMies 
rage on the question of the value of proprietary mixtures as com- 
])ared w ith that of home mixed simple fertilizers. It is for the buyer 
to make up his mind whether the difference in value as assessed by 
unit values of nitrogen, phosphorus and potash, is serious enough 
to outw'eigh tlie undoubted merits of thorough mixing, friable con- 
dition and convenience for use which accompany the “ special 
fertilizer. There is, however, room for speculation as to whether 
tw'o proprietary turnip manures of widely differing analysis can 
both be equally effective for his particular circumstances, or again, 
whether the last year’s treatment of the field was such as to justify 
the use of a small amount of a single fertilizer only on this particular 
occasion. The best solution of the problem will probably be 
found in the employment of one or the other according to 
(‘ircumstances. 

Concentrated Two- or Three-Constituent Fertilizers. — An answer 
to such disputes has come in an unexpected fashion quite recently. 
Fhere has recently ap|>eared on the market a range of concentrated 
fe rtilizers containing two or three of the main food nutrients in much 
great/Cr concentration than is possible in mixtures of the older single- 
constituent fertilizers. This has been achieved by bringing them 
together in one substance, thus eliminating less valuable carrier 
materials. For instance, nitraU^ of soda contains IT) — 16 per cent, 
nitrogen attached to a soda base, while sulphate of potash contains 
48 ])er cent, potash attached to a sulphate radicle. These two 
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fertilizers have money values to which the soda in the former and 
the sulphate in the latter contribute little or nothing. Nitrate of 
potash, on the other hand, contains 38 per cent, potash and 14 |)er 
cent, nitrogen in the same substance, so that a single hundredweight 
of it would go a long way towards replacing a hundredweight of 
each of the others. This is the characteristic of the new compound 
fertilizers. Materials such as nitrate of potash, nitrate of 
ammonium, phosphate of ammonium can be produced comparatively 
easily and can be blended in a molten condition with each other 
or with the more concentrated individual fertilizers to give a com- 
plete manure of almost any desired analysis, in a convenient 
granular condition, perfectly blended, easy to handle and store, 
readily available and without undesirable bulk. Such a material 
is produced in Glermany under the name Nitrophoska, in several 
different grades such as the following, each of which is designed for 
a special j)urpose : — 



A 

B 

C" 

Nitrogen 

.. 17-6 

16 

16 6 

Phosphoric acid 

.. 13 

11 

16-6 

Potash 

22 

26-5 

20 

It can be seen from the figures 

for C that 100 lb. 

of this material 


would contain the equivalent in nutrients of 80 lb. of sulphate of 
ammonia, 120 lb. of superphosphate, and 50 lb. of sulphate of potash, 
thus reducing the weight of material handled from 250 lb. to 100 lb. 
Considering this point from another angle, a dressing such as 1 cwt. 
of sulphate of ammonia j 3 cwt, of superphosphate f- 1 cwt. of 
sulphate of potash, involves the mixing and handling of 5 cwt. of 
material of a resultant analysis of 4 per cent, nitrogen, 8 per cent, 
phosphoric acid and 10 per cent, potash, figures which appear dilute 
when compared with the examples quoted above. Similar materials 
are now available in this country and sliould prove in practice 
convenient and efficient fertilizers. 

The Use of Fertilizers. — The production of increased yields by 
the use of fertilizers may have no great attraction in times of 
depression and of low prices for farm crops, but so long as money 
continues to be spent on tillages there is an incentive to obtain higher 
yields by the use of fertilizers, which add little to the total cost. 
I'he money value of increments so obtained must be considered 
both as regards quantity and quality. For the latter especially, 
questions of paramount importance are the choice of type of 
fertilizer, the amount used, time of application, balance of 
constituents and varietal response for any one crop, lb is to such 
points as this that experimental work is now being directed. 

Fertilizer pre8crij)tions can be drawn up for any crop in almost 
any circumstances. They will show great variations, but it may 
be of interest to indicate once more a few of the general points to 
be taken into consideration. The fundamental factors in the soil 
are its drainage and lime status, and unless these are satisfactory 
the use of fertilizers will never give its prof)er return. Next, different 
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classes of soil have their individual deficiencies, which should 
always he catered for in tln^ use of fertilizers u|K)n thf^in. For 
instance, heavy soils as a rule an^ short of jdiosplioric acid, light soils 
of potasli, and sandy or clialky soils of both. As regards the Vif‘Kt 
iis(‘ of individual commodities, burnt lime is the best form for heavy 
or foul land, while ground (dialk is rnon* useful on light land and 
in intensive^ crop-growing. Slag ami mineral phosphates are best 
used for grassland or in districts of high rainfall aiul acid soils, 
wliile sup(wp}iosphate is best us(‘d in arable f)ractice arui on soils 
rich in chalk. Of the potash fertilizers low grade forms such as 
kainit are most suitable for grassland or in cases of big deficiencies, 
whik‘ sulphate of potash is the best choice where quality of 
produce is tlio chief aim . Quick acting nitrogenous fertilizers provide 
tiie l)(\st top dressings and th(^ most effeetivt* forcinfi: agents, while 
organic refuses ])rovide a means of raising the level of fertility of 
the soil and of getting good yields of high quality. Further, while 
ammonium com})ounds exo^el on well-limed soils, nitrate of lime 
and cyanaiuide are at an advantage on soils dt'ficient in lime. 
Fertilizers which are soluble in water such as most nitrogenous 
salts, Huper[)h()spliate, dissolved })ones, the new compound manures, 
and all ])otash salts may be counted on to act (piickly : refiises, 
slag, mineral jdiosphates and hones will act more slowly l>ut give a 
more lasting effect. A final point to bear in mind is tliat all the 
soluble nitrogenous fertilizers are easily washed out of the soil by 
(*xcessiv(‘ rain, uhik* for all practical [)urpos(\s pbos])hat(*s and 
potash may be regarded as fixa^d in the soil. The importance of 
this [)oint lies in its Ixuiring on tlie time of af)plicatioJi. The type of 
farming and individual crops have already been mention'‘d (see 
p. 103), and tin* only further point of im])()rtance to take into con- 
Hid(‘ration is th(' treatment which })revious crops have received. 
It will be seen that this asj)ect of the rotation may result in big 
modifications in th(‘ treatment of individual crops. To consider a 
jiartieular (‘xample, the root crop, swedes, mangolds or potatoes 
may receive 10 — 20 loads of farmyard manure and 5 -S cwt. of 
rnixc'd irrtilizers. The roots may he eaten on the land or carted 
otf. In the fontKM’ (uis(\ th(‘ land will ho left with rich residues for 
tlie grf)wing of a subse(]uent (U)rn croj:). Should this be barley, it 
may be arivisa})l(‘ to giv(‘ a small dressing of super pliospliate to 
iru prove its (piality. If the roots are carted off, the soil should 
produce a niod(Tate cro]) of grain of good quality, or it may be of 
su( h a type as to nvspond to a 2 -3 cwt. dressing of suitable barley 
'iiaimrt'. In the (‘as(‘ of a second corn crop, a general fertilizer is 
most probably advisable. Should the corn crop have been grown 
M>!o|y on the ri'sidues from the roots, a following seeds lev will 
uereTt sulistantially by a 3—4 ewt. dressing of mixed ])hos])hate 
and potash. F'iiially, the corn eroj) following tin* seeds, especially 
if it he wheat, will find adeqiiate residues therefrom and at the 
most will lumd no mor(‘ tlian an ordinary nitrogenous top dressing 
ut tlie spring. The ease of gra.ssland can be considered in the same 
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manner, due attention being paid to the nature of the soil, its past 
treatment and whether it is to be used as a meadow or a pasture. 

Unexhausted Manurial Values. — The varied availability and 
mode of action of plant nutrients in farmyard manure and fertilizers 
is recognized in the practice of valuation for compensation for 
materials used on the farm on the occasions when it changes hands. 
Purchased feeding stuffs contain considerable manurial constituents. 
It is common practice to value on the assumption that in stall- 
feeding 40 per cent, of the nitrogen and 75 per cent, each of the phos- 
phoric acid and potash are found in the manure, and that the effect 
of these is spread over two crops. These assumptions, together 
with the analysis of the feeding stuff and the unit values of nitrogen, 
phosphoric acid and potash, in the fertilizer market give the com- 
pensation value per ton of the feeding stuff consumed. If this is 
fed on the land, less wastage of nitrogen takes place and 70 per 
cent, of it is allowed in valuing the manurial residues. Similar 
reasoning may be followed in the case of straw sold off the farm, 
but in this case a figure has to be arrived at for the value of straw 
more as regards its physical effect in farmyard manure than on its 
chemical composition. In the case of purchased fertilizers, the 
subject is more difficult on account of the lack of satisfactory 
experimental data and the needs of various soils and crops. Generally 
speaking, longer residual values are allowed on grassland than on 
arable, but one may encounter all ranges l)etween the extreme cases 
of one hundredweight of sulphate of ammonia with no residual 
value, and 80 loads of chalk with effects lasting many years. 

Purchase of Fertilizers. — A purchaser of fertilizers is nowadays 
fairly adequately safeguarded by law. The Fertilizers and Feeding 
Stuffs Act operates to ensure his being supplied with adequate 
description of most (;orn modifies as to their nature and analysis, 
and provides him with the means of obtaining satisfaction in cases 
of dispute. According to the cla.ss of fertilizer offered, he is 
provided b\ the vendor with its percentage compowsitiou in respect of 
nitrogen, jjliosphoric acid soluble in water, insoluble phosphoric 
acid, ])ota8h, calcium oxide and calcium carbonate. The vendor is 
allowed limits of variation in his figures to set off against tlie 
inevitable deviations in the composition of various substances in 
bulk. For instance, the description of a basic slag as containing 
12 per (^eiit. jdiosphoric acid and 90 })er cent, passing the prescribed 
sieve, is adc^quate to cover a range of 11 — 13 per cent. j)hosphoric 
acid and 85' 5— 94' 5 per cent, fineness. It is useful to be able to 
(a>Tnpare prices with analysis, as this affords a criterion of com- 
})arative values, although, as has been j>oint(al out, it is unfair to 
press the argument too far. The unit value of a single constituent 
fertilizer is taken as the price per ton divided by the percentage of 
the constituent present, the “ unit ” being 1 jxu cent, of a ton. 
The use of this scheme can be seen by reference to the lists of prices 
published in the Journal of the Ministry of Agriculture and other 
periodicals, at regular intervals. 
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The following books are recommended in connection with this 
chapter : — 

Fertilizers and Manures. A. O. Hall. John Murray, London. 

The Feeding of Crops and Stock. A. D. Hall. John Murray, London. 
Manuring for Higher Crop Production, E. J. Ruaeell. Cambridge 
University Press. 

Collected Leaflets on Manures and Manuring. Ministry of Agriculture. 
London. 


CHAPTER VI. 

SEQUENCE OF CROPPING. 

Peimitivb tillage farming in all parts of the world is, and in the 
past has always been, associated with a simple sequence of cropping. 
In the typical case a section of grass or light scrub-covered land is 
cleared and cropped with the same or similar crops until it ce€tses 
to yield profitable returns, either because of the exhaustion of 
fertility or because of the accumulation of weeds. 

In the former case the cultivators move on and break up another 
virgin area ; in the latter the same practice may be adopt^ or they 
may introduce a bare fallow to kill the weeds and then crop the land 
as before. The former practice was probably adopted in primitive 
times in Britain. The latter practice was typical of the farming in 
California when wheat growing wa« first developed in that country 
during the latter part of last century. It is equally typical of the 
present sequence of farming in the Prairie provinces of Canada 
where continuous cereal crops are interrupted by hare fallows. As the 
needs of a community increase and farming becomes more intensive 
some definite sequence is developed, thus in the Manorial period of 
this country “ when each man had his rood of land ” the three-field 
system was developed. In this, autumn corn was followed by 
spring corn followed in the third year by a bare fallow after the 
stock had grazed the stubble of the previous crop through the 
winter and spring periods. 

At this period of British farming, when the fields were divided 
into a series of narrow strips, each occupied by a different cultivator, 
the need for a rigid yet simple rotation was j)aramount, since every 
held would have become a patchwork of crops if each cultivator had 
been allowed to crop his “ lands ” as he pleased. When “ Enclosure ” 
followed, the need for a rigid system of cropping for purposes of 
iiiaintaining fertility still persisted, though to a lesser degree, and 
with the introduction of clover by Sir Richard Weston, turnips by 
Lord Townsend and the drill husbandry by Jethro Tull the four- 
< ourse system was developed and thereafter formed tlie basis of 
i'higlish farming until the end of the nineteenth century. During 
tb(‘ latter ])art of this period the introduction of many types of 
artificial manure and the knowledge of how to use them rendered 
tlie rigid four-course rotation no longer necessary for the purpose 
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of maintaining fertility, and the Agricultural Holdings Acts of 1908, 
giving tenant farmers freedom of cropping, finally overthrew the 
idea that a rigid rotation was essential to arable farming. The 
introduction of the motor tractor, giving much greater speed of 
manipulation of tillage operations, further reduced this necessity. 

At the present time most arable farmers, when asked what 
rotation they adopt, ^vill reply that they follow no fixed rotation 
but at the same time when further questionetl will agree that they 
adhere more or less closely to an orderly sequence which is capable 
of alternative application as circumstances seem to warrant. If 
is for this reason that the present chapter is entitled “ Sequence 
of Cropping ” rather than “ Rotation of Crops,” the heading adopted 
in earlier editions of this book. 

The objects to be attained by a definite sequence of cropping 
may be considered under the following headings : 

(1) The increase or maintenance of fcrtilitv. 

(2) The economical distribution of lal>our through the year. 

(3) Convenient sequen(;e of the crops. 

(4) The control of wee^ds. 

(5) The control of plant diseases. 

(6) The special cinmmstaiices of th(‘ farm. 

1. The Increase or Maintenance of Fertility in the Soil. - 

Whether it be considered from the point of view of th(‘ nation, the 
owmer, the occupier or the farm labourer, there i^^ wo condition 
(excrj)t that the fanning system is attended witli pre^tit) of gn^ater 
importance than that tlie fertility of the land be maintain(*d or 
increased., fK‘cause n]>on this mostly d(q)end8 the ]>ower r)f th(‘ soil 
to produce future crops. 

Kertility of the soil, in the sense in wliieh the word is iuM'c used, 
1 .^' govfu’ned fijstly hy tin* su])ply of humus and tia nit r* ' .’cii v\liieh 
It < ,)Tit-ii!is and sf'condly by th(‘ supplv of cf^rtniu a\’ailable mmera/is 
espeeiaily iinie, phos])liates and ])otasli. .-Mi -oils, \\}ivtl'»'r diey be 
eultivaled (vr uneiiitivattaj, aj’(‘ <*outimiousi \' ujiderg; i . eiuo,^ 
ai)oiil, b\ elKuni(‘al, j)ti\\si(*a) arui lMol.>oj(\d actions. Some 
id tfins * eJiaiiges h'jul t,o an iuer(‘ast^ of fertiiitv, others ; a 0( ( r-r es** 
The- sum m] t fie e)iang(‘s in ground (^ovuu'ed with \cgeiat ior. a-]>d not 
eiiji.’ aied g(‘n('i-al!y leads t.o an iiauvase of ih<‘ humu,'. end ile-rele-re 
to inen ased fertility. ruder ara’hje eoTaiitions 1h< su 
(‘haug(es geiK rally result in loss of humus and tlKUcdme t 
f (U't ill ty. 

Most, ti'lage operations tend to iiKu-ease tCr a<uata-o >• inti 
lation of the soil ;so that lexidatjoii is eneoiiraged. H\ this tin 
humus i<- (l(‘eom])osed and tlie nitrrogeji \vlii<’h it contain : uixer tcd 
I roni an i nsol 1 1 1 )le to a. sol u 1 >]♦* foiau . In this e< a ai 1 1 k >[ i ]{ is a va i !a i h 
for absoi'ption by phint roots. At tfu* saim* tune ti!la,oc and th* 
(ainsecjuent aeration of the soil tcuids to eneouracc t isr solid i<,n and 
a\aiJability of the mineral plant food in the soil, biant foads. 
when in this soluble eondition, are lialde t(> loss ni tw< sva\ > : eithei 
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they may be absorbed by plant roots to form part of the structure 
of roots, stems, leaves or fruits of the plants growing in the soil, 
or failing this, they may be carried away in solution by the excess 
rain-water draining through the land. In the former case such 
parts of the plant as are removed from the field at harvest result in 
loss to the field of the plant-food elements which they contain, 
whilst other parts, such as roots, stubble, broken leaves, etc., are 
left on the field to be re incorporated, together with the plant food 
they have taken up, in the soil. 

When crops are consumed by stock on the field a comparatively 
small portion of the elements of plant food is retained in the structure 
of the animals, and the greater part is returned in the faeces or in 
the urine to the land. In the same way when harvested crops are 
consumed by stock in the yards bedded upon straw, etc., the res.Jtmg 
farm-yard manure contains a large portion of the plant food removed 
in the crops consumed and used as bedding, and if carted back to 
the land it returns to it the plant food which it contains. In the 
making and storage of farm -yard manure, however, it must be 
remembered that considerable losses of nitrogen and smaller losses 
of minerals are liable to occur, so that the efficiency of the return 
of plant food is not so great by this method as when the crop is 
consumed on the land where it is grown. It will thus be seen that 
loss of fertility is greatest in the case of those crops such as cereals 
or potatoes which may be sold away from the farm, intermediate' 
in the case of crops which are consumed in the yards and mad'* 
into dung ([irovided the dung is subsequently returned to the land), 
less in the case of crops consumed on the land, and least of all in 
green crops whi(!h are ploughed back into the land where they arc 
grown. 

Some crops, either l)ecause of the greater penetrative power of 
their roots or because of the more efficient tillage which they receivi , 
extract from the soil larger amounts of plant food than others. A 
roniparison in this respect lic'twt en b.trley and mangolds shows that 
the latter extracts from the soil very much larger amounts of plant 
f^>o(i tlian the former and is this extent more exhausting. Root 
' ro[).s generally requires ami rlo m fact extract from the soil coji- 
sidt'iahly larger quantities <'f plaiit food than cereals. Roo‘. crops, 
iiowrver, are generally hca\ily manured and frequently eonsumcnl 
hy siiecp on the fold, so that tlv' fertility of the land is increased 
'hiring the root crop. lor tins reason root crops are generally 
■'ogarded as renovating crops . whilst cereals are exhausting crops 
raiisc they are not heavily manured and because the whole croj) 
o ( h'aned from the field. R'guminous crops in like ruaniu r extract 
horn the soil more mineral plant food than the cereals and in iliis 
'•-p(‘ct are more exhausting crops. They also obtain very nnicli 
> »rg(*r (piantities of nitrogen than the cereals - -a 2-ton crop of clover 
hay will contain apjiroximat^ly four times tlic amount of nitrogim 
'litained in a wheat croj) consisting of 30 bushels of corn and 30 
cvN t. of straw — but the nitrogen of the leguminous ctoj) is mainly 
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obtained by the nodules on their roots not from the soil itself, but 
from the air in the soil. This greater accumulation of nitrogen, 
therefore, by leguminous plants does not result in Joss of* fertility, 
but on the contrary is the most potent means of accumulating 
fertility. When the roots and stubble of such crops are ploughed 
back into the soil, and still more when the sterns and leaves are 
consumed on the land, the nitrogen content of the soil is largely 
increased. 

The growth of peas and beans under arable conditions and of 
white clover under pasture conditions thus leads to large accumula 
tions of nitrogen in the soil. 

2. The Economical Distribution . of Labour through the 
Year. — In framing a sequence of cropping the economic use of labour 
requires to be considered under two headings 

(i) Distribution of labour through the year ; 

(ii) The elimination of unnecessary or unproductive work. 

In farming practice it is generally necessary to employ the greater 
part of the labour continuously throughout the year It is not so 
feasible in farming as in other businesses to discharge men when a 
busy season of work is finished and expect to find them available 
for work when the busy season comes on again. If such methods 
are attempted it will be found that the casual labour is either very 
inefficient or very (mostly. Continuous employment must, therefore, 
be found for the greater part of the labour employed. Now no 
single crop requires continuous labour throughout the year, but 
each crop requires labour and sometimes a great amount of labour 
at special seasons. Thus the wheat crop in this country is planted 
in autumn and liarvested in late sumiuej’ and theicdore demands 
la[>our mainly during October and November for planting and in 
August and September for harvesting. Very little labour is 
expendcMl oji the (jrop a t other seasons. The potato crop has require- 
ments for labour at other seasons ; the land may lx* ploughed in 
winter, jilanPal in s])ring, cultivated and sjirayed in early summer, 
harvc'sUul in autumn and market<Hl in winter. It will be seen that 
these two crops nujuire laboui- at dissimilar periods and for this 
reason are suitable crojis to combine in a sequence of cropping. 
Other crops have their own seasonable requirements of labour. In 
framing a sequence of cia)p]>ing, therefore, great care must be 
given to see l)oth that too great a (a>ngestion of wwk does not arise 
at any one period of the year, for nothing prejudices successful 
farm manageunent so badly as being unable to do work at G e right 
time, and conversely that the periods when little or no labour are 
required is not too protracted. A certain amount of labour can 
generally be economically utilized upon matters of upkeep sink as 
arainage, fences, roadways, etc., which do not recpiire attention at 
very precise times, hut these are limited in quantity, and any 
excess of labour beyond these re([uirements is iinjirodiKdive, 

Another point in the economical utilization of labimr is illustrated 
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in tlie cartage and iise of farm-yard manure. At the present time 
the cost of labour involved in the cartage and spreading of this 
product is very high. If the dung is utilized for the production of 
(Tops which are saleable at good prices all is well, but if it is utilized 
in the maintenance of fertility for the production of ordinary farm 
crops such as wheat and beans the cost may bear no relation to the 
benefits received especially when the field lies a long distance from 
the site where the dung is made. A sequence oi cropping which 
involves the carting of farm-yard manure for ordinary farm crops 
must so far as possible be avoided and in its place the fertility of 
outlying fields should be maintained either by the use of green 
manuring or by the use of temporary pastures which are grazed 
during part of the year. 

In some measure the arguments relating to the need for a uniform 
distribution of man labour apply to the distribution of horse 
labour, since horses have to be fed aU the year round whether at 
work or not. And it is important to plan so that the requirements 
for horse labour are not greater than the supply. But the applica- 
tion of the argument is not so great in this case at the present time 
when tractors are generally available to overtake the arrears of heavy 
work, but they apply none the less in some cases as, for example, 
in the harvesting of large areas of root crops. It is also true that 
if a surplus of horse labour occurs at any period the cost of feeding 
and maintaining some of the horses can he reduced to small limits 
by turning them out to grass. 

3. Convenient Sequence of the Crops. — The sequence of cropping 
should in the first place satisfy the condition that each successive 
crop follows the proceeding crop with a convenient interval of time 
to carry out the necessary acts of tillage in order to secure an 
adequate seed-bed. The interval should not be too long nor too short. 
If too long, not only is time wasted but soluble plant food may be 
drained away whilst the land is bare. If too short there may not 
he sufficient time for tillage and weathering to enable a good seed-bed 
to be prepared and the following crop has to be planted either in 
an unfavourable seed-bed or too late. Thus wheat planted in 
November can b(? conveniently taken after potatoes harvested in 
Septcunber oi’ Oc tober, but it cannot be advantageously taken after 
loots folded in November Ixicause December is not a favourabh* 
month for planting wheat. Similarly it would be bad policy to 
grow turnips jilaiitcHl in May or »]une after potatoes harvested in 
October because of the waste of time and of plant food during the 
interval. 

The growth of and the tillage for some crops leaves the land in 
a suitable condition for the growth of other (*rops. The deep 
cultivation generally given to all root crops leaves the subsoil 
mellow yet firm for the subsequent growth of (;orn ciops. Ulovet 
and other leguminous crops enrich the soil with nitrogen winch 
provides plant food for subsequent crops, thus wheat can Ix' 
advantageously grown after clover or beans. The fibrous roots 
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left ii\ the land after the growth of a “ layer ” (H)nsisting of mixed 
grasses and clover provides, when ploughed U]), an oj)en texture which 
is very favourable to the growth of ]>otato roots, which do not have 
great penetrative power. 

4. The Control of Weeds. -Different cro})s liave different habits 
and are ; diluted and irninagtsl in diffiTcnt ways. Some crops such 
as v];e:d ar(* ]»l'>a1ed in a-utuinn otlu'rs smdi as barley are more 
frecnamtlv pi. iit»,sl in early .^])ritig, w)a*reas the root erops fu'c 
generalh’ planPsl in late sj>ring or early summer. Kacli of tlu'se 
seasons (d planting are fa\nm‘aljle to tbe grovvih of some w'eeds and 
prejiidicial to the growth of o(lK‘rs. 

Some ( ?o})s sncli as tlie (“eiaads an* gcneT'ally planted in narrow' 
rows so that ilirir foliage nia\' rover the sairf/ire quickly nncl tinis 
tcmi 0‘ (vcwd out annual waa'ds. Other crops such as beans o?' 
turifufs urr plajif-ed in w id( rows .so that inbuxailtivation of the en^f) 
fuf lb<^ purpose (»f kilJir»g wr(ds n)a\ be eaii'ictl out w^hilst the crop 
IS wanig Tiiese different conditions favour or j)rejudi(c diffenmt 
w(;eds. Nome crops haAC a dense foliag(‘ wdii a fends to shade tb(‘ 
ground and other.s h.ive a mu h more open foliage amongst w'hich 
W'eeds grow' fia'ePv . Barl(‘y is iliiistrative of su(*h opc*n foliage and 
is liabj(^ to eontaii’, majiv animal Aveeds. Oats make a much denser 
foliage and tend to smotlnu' Ava^eds. A crop of marrow' stem kal(‘ 
A^itJj ns broad lioiizontal leaves forms a. ])crfc(‘t canojjy of foliage 
wiien AveJl grow7i and (•onjpJ(‘1e]y smofJicr.s small Ave^eds, A mixed 
crofi oi oeaiis. oats and fariss .similarly forms a thnisc smothering 
oano| y 

'"'-ut.e ensps fioJd the land for a long(‘r or' shortfu- tniu' tlian others 
These different eonditions also faAanir some A^’(ieds and jircjndica' 
others y\ Aviu'at ero]/, groAving’; from October to jAngiist, favours 
tl '■ grsMvtii of ]>er(‘]ii!ia] wecals su^'h as eouch and thistles rnueh more 
tf i'! i ro(.»i crop planted in A]>rd or May and har^a•stc(l m October. 

'!)g layer, during Avliicli the land is nncultlA at^sl for tliri^e or four 
V' 1 ■: ver'A disad vainagmous to tire growth (d annual Aveeds but 
uaov a ‘I'l to till' s}»rea<i 'd jierennial w'laMls, On lire (U^e* han.l tin* 
laki ig of tv\.> ( ja)ps during t:j(* yi'ar with the additional (mltiwations 
n ,0.' i) are enfailed may. il the cult iv.ations ar(‘ we'll c.xi'cntcd, lielp 
to eradi^.'ato botfi annual an I pma'iunal aatm -'I s 

addit ’o'i to> tla-si'. g' .e-ral con.^idf'i'a t ccrt iin CT'ops arc 
lei . ;ec''d inl j the seipienc >f er')]']'mg with th<‘ j»e(’ia! purpose 
'O e ihluig werds to h(* killed • f a !)ai(-or h.i'tr.rd hdhnv !)c taken. 

1 l;< 'Tojo cialbr sui1e<l to th* i riling o! wocds ai-e tie* root crops, 
;nuud?ng ti'niip.s, .^;wcdr> ami t.lhor P>r..s-.'ea .'I'ops, ,'is 11 as 
'iiirg«i(Ls aii'i poiatofs. ci'oj)s faiilita U- the killing '*i uci'ds 

n, thret^ A\ays : tlicy arc iierahs' })larib.':'! lair m snririg or carK 
O' ; ’,n:mer. s(’ tha! cj. ^ ioeg ndervai of inac aft<'t the ])re\'iou:- 
“ 'M ■crop, vvhicli giv-'s time l<-i , 'loaning poration.^' ediier atO'!- 
!' rv- -a or j.j tPo spring Orfoj-c [ilantnig , ih(-\ ai'e planted in wad^ 
lows '■Of that both hoi'.sc and hand hf)< -ng for' tljc di'si rau-tion of 
weeds can fx- t'asitv cariicd out ; tlu;y product^ liori/ontai foliage. 
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which, when tfie plants are establislK^d. sharjes the ground and checks 
the growtii of veeeds. 

5. The Control of Plant Diseases. - Dise ases and ]>rsts are likely 

0 ) aeenmnlat/^ on land continuoiisly erojipcd with the same crop, 
rims lajid is said to l>(*eorn<‘ ‘ eiover-sjek," owing t > i he acenniulation 
ui the soil of e>ne* or' nior<‘ of seva'ral <Ijse‘asf‘-pr(Klii( mg organisms, 
vxh''n (‘rojiped too frefpicntl y vvdth i'e‘d cloven-. Tiirni[)> and other 
Ih'.LSsica en'ops in the sanu* way are' likelv to fad with tinger-and- 
t.o(‘ and potatoes to sulT(*r more from potate> blight if grown too 
f re((’:ojit.ly . Other crops, for e-xanpeh*, wheat and mangolds can 
be grown freepiently and indeeel ce)nt inuously in some cases and 
rontinue t.e» yield sat isfae-tory creeps, as in the' case of the suecessiye 
< roj)s on the* t^roadbalk field at Rotha.mste'd, but e-vani in the case 
of whend ce)ntinur»us croj)ping may lead t(» tiie accumulation in 
t he* grnuial e;f white* be-ads ( t tjddoboius) and either diseases and the 
piactice- is, therefor*', un< h'-^irabt*. 

If an interval of time* m allowed te> e‘la]>s(' beiw(‘e!n the taking of 
iwo similar (‘reps, the el is<*;is<*s an<l pe*>ts tind no ho>t plant and die 
out or imgratec ddc' inb'rv'al e>f time* ne'cessary to com]>lete the 
preK'tiss must of (aaurse* depemd eipon the' life e-ych* of tlic dise'ase or 
pest.. Sedf-sown plants may ed e onrse ceantinue the infection iii c.ises 
where' these occur. 

6. Special Circumstances.- coiulitions prevaiiling upem one 
farm vary wiek'ly from those pre* vailing ipiein otlier farms and the 
sequence' of e'rojiping must be^ varieei accordingly . Climate is an 
inqiortant factor to be considere el in dee'iding wliat crops to giow. 
ddie^ dry climate of the* eaistern count ic's is favouralile to tillage 
farming and especially to tlie ce'ie-als, wlieat and barley. The' inoi.ster 
and cooler districts of the' west and north are more suitable^ to the 
growth of temijiorary anel jx/rmaiu'iit ])asture and, if cereals are 
grown, to oats ratlu'r than wlie^at or barley. Sinalle*r dilleax'iices 
in local clim.ate', as for example those associated wdth altitude, 
aspect, liability to frost, e'tc., may favour the grovsdli of one croj) 
and make it advisable to vary the seejnence'.. 

Tlie^ cliar<u't,(*r of the^ soil is largely respemsible for tie* succes.s 
or failure^ of dilTe'ient crops. On liglit soils wdth ea.sy drainage tlie 
land warms up epiickly in spring, growth is rapid and liarvest is 
e^arly. Tillage' and intcrculti vation is comparatively easy and root 
growth is facilitated. On the otlu'r hand fertility is not generally 
very high and in jK'riods of elry weather crops may sutler from lack 
of water. These conditions are sjH'cially favourable to the growth 
of malting barl(* 3 \ jirovided the land is not too dry. They are not 
so favourable^ to wheat and oats, but rye grows to advantage on 
the liglitcst and drie.st of soils. Root crojis of all elc.scriptions can 
be easily emltivatcd and ejasily harveste'd eir folded if desired. 8ucli 
soils are speM*ially favourable to sugar bee't, turnips, and tcj early 
iKjtatoes. Tliey are^ not so .suitable' to main (U'op potatoes because 
lack of feu’tility and of moisture frequently result in small crops. 
Light seiils, es[)C( ially in moist districts, are fayourable to catch 
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cropping because seed-beds can be quickly obtained, and growth is 
rapid. 

Chalky soils are frequently light and easy to cultivate in whic'li 
case they favour the growth of barley and roots and in addition are 
very favourable to the growth of such leguminous crops as peas, 
sainfoin and many clovers. If thin, they are not very suitable to 
wheat, beans or potatoes. 

Heavy soils are difficult and costly to cultivate. Their texture 
does not facilitate the production of good seed-beds nor the easy 
growth of plant roots. They are not favourable to the harvesting 
of root crops in bad weather. As a result of these conditions 
relatively few crops can be successfully grown upon them and the 
crops which can be successfully grown are generally possessed of 
a vigorous root system. 

Wheat and beans both have strongly -growing roots and these 
crops grow to advantage on clay soils. Mangolds have deeply - 
growing roots and grow well on clays, but potatoes cannot be grown 
successfully both because the soil is unsuitable to growth and because 
it is impracticable to harvest them in wet seasons. 

Red clover and white clover together with certain grasses used 
in temporary pasture such as rye grass, cocksfoot and rough -stalked 
meadow grass grow freely and abundantly provided the land is not 
allowed to become waterlogged, and since such pastures entail 
little annual expenditure for labour and management they can be 
grown economically upon heavy land. 

Loamy soils are suitable to the growth of nearly all crops because 
both fertility and water supply are generally good, consequently 
the crops produced are generally large. Both barley and wheat 
grow well, so do beans, and large crops of good quality potatoes 
can generally be produced. Very large crops of turnips and man- 
golds can be grown though the folding of the former in wet weather 
sometimes damages the texture of the land. Red clover and other 
leguminous crops grow freely and many vegetable crops caii be 
incorporated in the sequence of cropping. For these reasons it is 
necessary in plamiing a sequence of cropping to give careful con- 
sideration to the suitability of the crops to the soils on the farm. 

The stock policy adopted on the farm will make varying demands 
for food and bedding, especially for the winter months, and the crop- 
ping se((iience will need to be framed to provide for these. If sheep 
predominate' a sequence of folding crops must be provided. If 
dairy cows, a winter supjdy of hay, mangolds and such winter green 
crops as marrow kale may be required. Provision must be made to 
guard against periods of shortage of grass during summer droughts 
by the growth of lucerne, green maize, cabbage, etc. Conversely 
the amount of stock kept and the amount of farm - yard manure 
produced may influence the sequence of cropping by rendering it 
advisable to introduce a larger area of potatoes, green vegetables, 
etc., to make more profitable use of this bye -product of the 
farm. 
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Local markets and local demands for special produce may 
make it desirable to vary the sequence of cropping. Proximity 
to a large provincial town or to a seaside resort will create a good 
demand for vegetables of all sorts which can be cheaply delivered 
if the distance is short. In such cases these crops should find a 
place in the sequence. Proximity to racing stables will create a 
good demand for hay and straw. Proximity to a sugar factory 
reduces the cost of transport on sugar beet, especially if the fields 
on the farm adjoin the main road or canals. In such cases the 
sequence of cropping should be planned accordingly. In other 
ccwses, where farms and fields are inaccessible for one reason or 
another, provision should be made in the sequence of cropping for a 
greater proportion of the produce to be fed tO/Stock or for the growth 
of crops which are not bulky in character so that transport is 
facilitated. Wheat growing in the Prairie Provinces of Canada 
illustrates this case. These and many other considerations peculiar 
to the circumstances must be taken into account when planning 
the sequence of cropping on any farm. 

Examples of Crop Sequences. 

1 . Continuous Grain Crops. — The simplest sequence of cropping 
which can be adopted is one in which the same crop is grown con- 
tinuously on the land. The system adopted by the Canadian 
farmer in the Prairie Provinces is closely akin to this. It consists 
of successive grain crops interrupted only by an occasional bare 
fallow for the purpose of killing weeds when these become excessive. 
The system is justified only because it is essentially a case of mass 
production. These farms are situated so far from their ultimate 
market that the cost of marketing any bulky crop or any product 
produced in small quantity would be greater than its value. Con- 
tinuous cereal growing leads to the production of dry grain in large 
quantity. Organization provides for the bulking, the transport 
and the marketing of it at low cost so that it may compete on 
favourable terms with other cereals on the world markets. 

From all other points of view the system is to be condemned. 
The natural fertility of the soils, which is initially very high in these 
areas, is slowly but surely dissipated, partly by the removal of the 
grain without the return of any manure and partly because, since 
no stock are kept and the straw is valueless, this is burnt up after 
threshing. The land, which when first broken is free from arable 
weeds, quickly becomes infested with wdld oats and many other 
typical grain weeds. Continuous cereal growing also tends to the 
accumulation of the fungus diseases and insect pests peculiar to 
these crops. 

The labour requirements are badly distributed through the 
year. There are two intensely busy periods, the first being the 
preparation and drilling of the land in spring after the long period 
of frost and snow of winter, the second the harvesting and threshing 
of the Crop before winter sets in. 
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The entire saleable output of such farms is confined to the three 
cereals, wheat, barley and oats, the value of each of which is inter- 
dependant, so that the prices of all rise and fall together ; (con- 
sequently the farm income is liable to great fluctuations. 

The Norfolk or Four-Course System. — This system runs as 
follows : — 

Roots — turnips or other folding crop or mangolds. 

Spring corn — barley or oats. 

Leguminous croj) — clover or mixed seeds or peas or beans. 

Autumn corn — generally wheat, rarely rye. 

From the middle of the eighteenth century until the beginning 
of the twentieth this system formed the basis of a very large portion 
of English farming, and for the (conditions prevailing during the 
larger part of this period was a well-nigh perfect system especially 
in the drier districts. 

At a time when artificial manures were non-existent or but 
little understood it provided for the maintenance of fertility at 
a reasonable standard, so that the owner was insured against 
depreciation and the occiqher assured of good crops in the future. 
It provided continuous cmj)loyment of labour throughout the year ; 
the autumn was employed in harvesting some of the roots, in pre- 
paring and planting wheat, in ditching and hedging. The winter 
was employed in threshing corn, in feeding sto( k in the yards and 
folding sheep, in jdoughing for roots and for barley. 'Phe sj)ring 
was employed in completing the ploughing, in drilling s})ring corn 
and clover seeds, in cleaning the root land, and in spring- tillage of 
corn crops. The summer was (Kccuj)ied in drilling and lioeing root 
crops, in the hay harvest and the corn harvest. With one-fourth 
of the land devoted to roots, this system re(]uir('d a relatively 
large staff of labour, but during this period farm wagccs were very low 
so that this drawback was not very serious. The system ])rovided 
twa) cash crops, namely, the wheat and the barley and at the same 
time an abundance of food for livest(H*k. naiuely, the roots and the 
clover hay as well as the c(*rea-l straw for litter so that. ani])le birm- 
yard manure could be produced to maintain feitility. One criticism 
ma}^ be advanced against the system, if literally employed, namely, 
that when land is (TO]q)ed with clover once in four yc^ars it is 
liable to fail from the ac(;umulation of various diseases. This, how- 
ever, can b(^ (easily Tauiualied by substit uting some otlier kguminous 
cro]) in place of red clover ; thus yx^as may be grown on light land, 
beans on heavy land, or trefoil, sainfoin, white clovin', ( tc. mav b(‘ 
Rubstitut(‘d. 

The system was spianally suitable to light land fai'ming in dry 
distri(‘ts where th(‘ trampling of the sheej> on the fold (‘a used nii 
detriment to the soil texture and where the shia*}) maiuin' jirox ideal 
the folding was })rope^rly controlled, improva^d not only tlu’ manurial 
but also th(‘ textural condition of the soil. 

Where the system w^as applied to heavy land, sheep-folding in 
winter and early spring was liable to injure the texture and so 
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prejudice the growth of the barley. In this case the roots needed 
to be folded early or carted from the land for consumption in the 
yards. On the heaviest types of clay land the root crop was 
eliminated and its place taken by a bare fallow. 

In wet districts of the north and west, which are less favourable 
to barley, an oat crop was taken in its place. If potatoes were to 
be grown they could be planted in place of some of the roots. 

At the present time the four-course system, owing to the high cost 
of labour, cannot be economically employed, but it has been modified 
and extended in various ways to meet the needs of modem farming 
and indeed most modern systems may be shown to be modifications 
of the old Norfolk system. 

The simplest modification is that in which two corn crops are 
taken in succession after roots. With the feeding of linseed cake 
and other highly -nitrogenous concentrates in place of home-grown 
corn, to the sheep folding upon the roots, it was found that the land 
after roots became over-rich for barley. The crop was then liable 
to be coarse and sometimes laid, with the result that the grain was 
less valuable for malting. On the other hand the residue of sheep 
manure after the growing of one barley or other cereal crop is 
sufficient to fertilize a second barley crop. This second barley 
crop, though generally producing a smaller yield than the first, is 
more uniform in character and quality, and, if the growth of the crop 
is likely to be too weak, modern manuring with artificials can be 
applied to the required amount without prejudicing the uniformity 
and quality of the sample. This five-course system increases the 
acreage of corn crops from one-half to three-fifths of the cultivated 
area and consequently increases the amount of saleable corn. At 
the same time the area of roots is reduced frotn one-fourth to one- 
fifth so that a saving of labour can be effected on this crop. This 
means that a smaller proportion of the land is cleaned each year, 
and weeds are more likely to accumulate, a difficulty which can be 
easily overcome by cultivating the first corn stubble quickly after 
harvest, a practice which will at the same time cause the self-sown 
grain to germinate, subsequently to be killed by ploughing, so that 
these plants may not grow as an impurity in the second corn crop. 

This system is specially suitable to fertile soils of medium 
texture where first-class barley can be grown and marketed at 
good prices. 

An alternative method of converting the Norfolk system to a 
five-course system consists of taking a second corn crop, generally 
winter oats, after the wheat crop as follows ; — 

Roots 
Barley 
Seeds 
Wheat 
Winter Oats 

This system is more applicable to heavy land upon which it is 
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difficult to fold sheep so that most of the roots are carted and where 
barley of malting quality is rarely obtained. Upon such sods 
winter-planted crops such as wheat and winter oats can be grown 
to better advantage than spring crops. 

Like the previous five-course system the area devoted to corn 
is increased and roots decreased and similar advantages and dis- 
advantages accrue. 

In districts and conditions peculiarly favourable to the growth 
of cereals, the Norfolk system may be extended to a six-course 
system by the introduction of corn crops in both places in the 
sequence as previously discussed - 

Roots or Fallow 

Barley 

Barley 

Seeds or Beans 

Wheat 

Oats 

In this case roots are reduced to one-sixth of the area so that the 
labour requirements on these is much reduced and the cereal area 
increased to two -thirds. 

The liability to weed accumulation is further increased and must 
be dealt with by efficient stubble cleaning after harvest. In times 
when the only source of cultivating power was that provided by 
horse labour this concentration of work might iiave been difficult 
of accomplishment, but, with tractor-power available, cultivations 
can be so rapidly executed that this difficulty need not now arise. 
In cases where this rotation is applied to heavy land the roots may 
be in ])art or in wdiole substituted by a bare or bastard fallow, 
the latter consisting either of trefoil or other crop cut for hay or 
silage, or folded Indore being fallowed in July. 

When (jereal prices are high this system provides good returns 
under suitable conditions, but is relatively unprofitable when cereal 
})rices are low. 

A six-course system commonly adopted for potato giowmg 
in some southern districts runs as follows 

Roots 

Barley 

Seeds 

Potatoes 

Wheat 

( )ats 

In this case potatoes are taken after clover, a verc fa\<)urable 
tilth for this (rop, partly because of the accumulation of nitrog(ui 
by the clover, but especially because the fibrous roots and stubble 
of the clover produce humus and a good texture in whu h t he ])otatoe,s 
revel. It also provides a longer period <>i growth for the clover, 
and mixed grasses if any, in autumn than in the ease when* the 
layer must be ploughed up for wheat sowung in autumn. 
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This system provides for two cleaning crops, roots and potatoes, 
in six years so that the land can be easily kept clean and the potatoes 
can be cashed to advantage, as well as the three cereal crops. 

Another six -course system suitable for the growing of potatoes 
is that called the East Lothian system, which runs as follows : — 

Roots 

Barley 

Seeds 

Oats 

Potatoes 

Wheat 

In the district of p]ast Lothia and other parts of Scotland to 
which it is applied, conditions arc often more favourable to the 
growth of oats than of other cereals, and the croj) can commonly be 
marketed to advantage for oatmeal. This crop is therefore taken 
after the seeds where it l)enefits from the accumulated fertility of 
the clover roots. As the oats are sown in the spring a longer 
grazing period is available on the clover stubble. In other respects 
its advantages are similar to the previously described six-course 
system. 

In the Norfolk and similar systems the clover and other “ seeds ’’ 
crops have been described as one -year layers, growing for one year 
only. These systems have proved speciallv' suitable to the drier 
districts of eastern and southern England in times when cereal 
prices were remunerative because in these districts the second 
growth of red clover in the first year can often be profitably harvested 
and cashed as seed and because weeds and wireworms tejio to 
accumulate in second and third year seed.s to the serious dis- 
advantage of subsequent crops. 

In moister districts the layers are commonly kept down for two, 
three or more years as in the following sysU'm : — 

Roots, 

Barley or other cereal, 

‘‘ Seeds ” for two, three or more years, 

Wheat or other cereal. 

Expressed in this way the system may be said to be the Norfolk 
system in which the “ seeds ’’ have l)een extended for two, three 
or more years, but this does not give a full picture of the system 
which may be more graphically expressed by the term Alternate 
Husbandry.” 

In alternate husbandry the land, having been cropped for some 
years, is laid down to temporary pasture for a number <jL years, 
aft('r which it is again broken up and cropped. Whilst the land is 
under tern})orary pasture many advantages are obtained. The land 
becomes filled with fibrous roots of grasses, clovers, etc., which, 
together with the turf, greatly help the texture of land when next 
broken up. The fertility of land, whether measured in terms of 
humus or of nitrogen, can be rapidly increa.sed and in ininerals also 
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if lime, phosphates or potash are added by way of top-dressings. 
The increase of fertility is very largely associated with the presence 
of wild white clover and its proper management by suitable mineral 
manuring as well as by appropriate grazing. The annual cost of 
management is greatly reduced because after the initial seeding 
(generally in the preceeding corn crop) no further expenditure is 
required by way of seeding or of cultivation save an occasional 
rolling or harrowing, and the cost of harvesting is very small 
in the case of hay and non-existent when grazed. It must not be 
forgotten, however, that the capital required for laying-down as 
well as for fencing and water supply for stock may be very high. 
During the period of temporary pasture the production of herbage, 
whether for hay or for grazing, is generally very great, and sometimes 
in the case of inferior land several times greater than permanent 
grass upon similar land. This is due to more favourable textural 
conditions of the soil and to the use of more prolific species of plants 
than tliose occurring in the old pastures. Coincident with this is 
the fact that stock thrive much better upon new temporary pasture 
than upon old pasture not only because of the more abundant 
herbage but also because the new temporary pasture is free from 
stock diseases. 

When the temporary pasture is broken up and recropped the 
fertility, stored up by the nodules of the leguminous plants, by the 
organic residues of the grass and clover roots and stems, by the top- 
dressings applied to the pasture and by the droppings of the animals 
grazed on the pastures, is utilized for the production of crops. 
This accumulated fertility is mainly in an organic condition which, 
under arable conditions, becomes progressively available for plant 
growth. In this way the fertility stored during the period of 
temporary pasture can be utilized in the production of cash crops 
and when this is partially exhausted the land may be again laid 
down to temporary pasture and the process repeated. It will be 
noticed under this system that fertility is maintained withe iit the 
use of farmyard manure, the carting of which, especiaiiy to outlying 
fields, involves the use of much manual and horse labour. Any 
farmyard manure produced on the farm can thus be utilized upon 
fields near the buildings or devoted to sjieciai cash producing crops, 
such as fruit and vegetables, if desired. 

This system of alternate husbandry has been practised in the 
moister districts of England and especially in Scotland for many 
years, and has received special att/Cntion since the discc*\ ery of the 
outstanding value of wild white clover as a nitrogen-uoilectmg 
plant, and the use of basic slag and close-grazing in stimulating 
its growiyh. 

Similar systems of alternate husbandly are practisiid ii. the 
Canterbury Idain of New Zealand and are ait(uid( d with similar 
labour-saving and economical advantages. In this case the root 
crop, if any, generally takes the form of rape which is used for 
grazing by sheep and lambs. In the drier and hotter wheat-growing 
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districts of Australia a similar system has been developed with the 
use of subterranean clover in place of wild white clover for nitrogen - 
collecting purposes, in conjunction with other suitable pasture 
plants. In the drier eastern districts of England temporary 
pastures have often been unsuccessful in the past, either because the 
pasture thinned out badly after the jfirst year or because the crops 
grown after the pasture was broken up have been seriously damaged 
by wire worms, etc. The first of these difficulties has in most cases 
been due to the use of unsuitable mixtures of seed or to faulty 
management since in recent years many excellent temporary 
pastures have been obtained in these districts and have produced 
not only excellent yields but yields which are less subject to the 
effects of drought than permanent pastures in such districts. The 
second difficulty has not yet been adequately solved, but with good 
management and careful choice of crops to succeed the layer need 
not be so disastrous. None the less it is a danger to be anticipated. 

The conditigns to l^e considered, in framing a sequence of 
cropping, discussed in these pages, by no means exhaust the possibili- 
ties of the case. Many variations great or small may be necessary 
to meet the need of special circumstances but enough has been 
witten to show the importance of this phase of the farmer’s business. 


(’HAPTEK VTl. 

KAR.M (’KOPS 

Wheat. — Although there are at least thirteen sj>ecies of wheat 
grown in different parts of the world, ranging from Triticum 
rnonococcwm, a species cultivated in mountainous districts in Europe 
and producing only one grain per spike let, to the widel\’'-cultivated 
forms of Triticum vulgare with from three to five or more grains 
per s{)ikelet, only two species, Triticum vulgare and T. turgidum, 
are of economic importance in the British Isles to-day. 

The head (inflorescence) of wheat is described botanically as a 
‘ spike-like inflorescence ” and is comprised of a series of spikelets 
arising alternately and in succeeding positions from the nodes of 
the stalk or “ rachis ” of the inflorescence. Each spikelet consists 
of two fairly tough outer coverings, the “ glumes,” and a series of 
two to five or more florets arising on a short branch, the “ rachilla,” 
'^'riginating from each node of the rachis. Every floret consists of 
two coverings, the outer or dorsal, and the inner or ventral palea,” 
which enclose the true flower comprised of an ov^ary with a feathery 
bifurcating stigma, and three stamens which are borne on fine 
filaments and when ripe appear above the ovary. 

The glumes vary in colour, shape, and size ; they may be covered 
with short hairs ” pubescent ” or be free of hairs ” glabrous.” The 
iipex of the dorsal palea may be extended aerially to form an awn 
when the ear is described as bearded, or it may possess no awn when 
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it is described as beardless. Again, the whole ear may be short 
and compact, t.e., “ dense,” as a result of the short distance between 
the nodes, or when they are farther apart and the ear becomes 
longer, it is described as lax.” 

The grain exhibits numerous variations in size, shape, colour 
and in the character of the endosperm. It may, for instance, be 
long and narrow with a distinct groove or furrow on the ventral 
surface or short and plump ; it may have a red or white outer skin 
or “ pericarp ” or some colour intermediate to these two ; "Inally, 
the endosperm may exhibit a white, starchy or a smooth, steely 
appearance. 

In addition, there are what are termed “physiological characters ” 
such as earliness and lateness in ripening, and, more important still, 
resistance or non-resistance to various diseases. 

The species Triticum vulgare furnishes the varieties of what 
are known to-day as the “ bread wheats,” the cultivation of which 
is spread over all countries with temperate climates. The bulk 
of the European, Canadian, American and Australian wheats 
l)elong to this species. 

In general the varieties of this species are characterized by 
medium length to long straw, which is hollow throughout its 
whole length, excepting at the nodes ; the ear may vary from 
dense to lax, and may be l>earded or beardless ; in some cases the 
grain is red and in others white, in some cases the glumes are covered 
with short, fine hairs or “ felted ” and in others entirely free of 
hairs or “ glabrous.” One feature distinguishing varieties of this 
species from those of other species is the keel of the glume which 
in this case is extended for only a short distance from the apex or 
beak, and in its lower portion is smooth and rounded. 

The spikelet generally contains from three to five florets. 

Economically, however, it is the physiological characters and 
others defined as quantitative, that demand the greatest attention. 
Included in the former are immunity and susceptibility to disease, 
earliness and latejiess in ripening, resistance or non-resistance to 
cold and other etfects which together comprise the total of winter 
conditions, adaptabilit}^ to conditions of soil, and to different 
degrees of soil fertility. 

It is not improbable tliat no large potential differerKu* in yield 
exists between the leading varieties of T. vulgare in cultivation in 
the British Isles to-day, or, in other vords, if all the varieties are 
grown under conditions to whicdi they art^ best suited they will not 
exhibit vdde differences in yield. But yield of grain is in reality the 
resultant of a large number of contributory causes, and it is not until 
they are all operative in the same dinn^tion that maximum results 
can be olitaiiied. Itor instance, a. crop of the highest proTnis(^ inn\' 
be so badly attacked by rust that the resulting gram is only liail 
its normal size and weight, or again the size and weight of gram 
may be reduced by latoness in ripening. 

It is true, as just stated, that ultimate yield is a resultant of 
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all possible causes operating within the life period of a plant and that 
the final yield alone is a criterion of value, but such a conclusion 
should be received with caution. It is quite possible for an average 
figure of yield over a period of seasons to be unduly influenced by 
one good year with the result that that year and probably the 
average of the series of years under discussion shows a profit, 
whilst the remaining individual years either show no profit or an 
insufi&cient one. Thus, in addition to the yield of grain the evalua- 
tion of varieties should be made on a series of characters such as 
resistance to disease, hardiness, strength of straw, and finally 
consistency of yield. 

During the past thirty years the quality of the wheat grain 
has received considerable attention, largely because the Canadian 
and American wheats, which from 1870 onwards reached this country 
in yearly increasing quantities, were found to be superior to English 
wheats for bread-making ; they produced more loaves for a given 
weight of flour and were, in addition, characterized by a larger 
volume and a higher degree of aeration than loaves obtained from 
home-grown wheats. Generally speaking, the grain of the best 
bread wheats is characterized by a high protein content, but some 
characters of the proteins, such as resiliency and the power of retain- 
ing the gas formed during the fermentation of the dough, are more 
important than their total quantity. 

Grains of good baking varieties when cut across exliibit a hard, 
steely a])j3earance, whilst those of inferior varieties present a less 
sharply definite surface, and are white and mealy. For this reason 
“ strong ” wheats are sometimes known as steely ” and “ soft ’ 
w^heats as “ mealy, ' the definition in this case being an allusion to 
the character of surface of the interior when cut across. 

Although the English wheats w'ere usually ‘'weak they produced 
a larger quantity of grain per acTe than the strong w^heats in 
use in Canada and America. By crossing Keh Fife, a “ strong,” 
and Browick, a “ w^eak ” the variety Yeoman was produced. 

This js a very close approximation to the T'ife parent in quality 
on the one hand aj id to Browick in yielding capacity on the other. 
The rust-resisting variety Little Joss w^as produced by crossing 
(ihirka, a rust-resistant form of Russian origin with Squarehead’s 
Master, a highly yielding English variety. 

The few^ varieties of the species Triticujn turgid urn such as Rivet 
or (yone found in cultivation in the British Isles are characterized 
by long, fine, pendulous, resilient straw which is filled w ith yiith for 
a distance of a few- inches from the base of the ear. The ears are 
usually strongly awuied, the glumes are grey in colour and felted, 
and the keel of the gliinu* is strongly developed and extends from 
the apex to the base, at which poijit instead of exttmding without 
interruption to the rachi.s tliere is a distinct “ collar ” developed. 

Rivet, which, is an old thiglish sort, and other varieties of this 
des(Tiption, (*an be grown sueeesxsfully on cold, wet clay soils — 
soil conditions to which many more modem wheats are entirely 
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unsuited. On such soils Rivet produces a high yield of grain and 
the plant, because of the small leaf surface offered to the action of 
vind and rain, and the resilient straw, is able to maintain itself 
erect under conditions inimical to other varieties. 

For bread-making Rivet possess little or no value, but as a 
poultry grain it is not inferior to any native varieties. 

The most important varieties of T. vulgare in use to-day are 
Yeoman, Little Joss, Queen Wilheimina and Squarehead’s Master, 
all being winter varieties and all, with the exception of Queen 
Wilheimina, being red-grained. 

Of the origin of Yeoman something has been said already, but 
in addition to the quality of the grain and the yielding potentiality 
of the variety, the character of the straw, which stands well, is a 
further claim to distinction. Yeoman succeeds best under conditions 
of high soil fertility, a feature which may be taken full advantage 
of since it is unlikely to become lodged. Although Yeoman has 
been slightly out-yielded by one or two modern varieties, it main- 
tains its superiority in grain production on the most fertile soils. 

Little Joss does not possess such good milling and baking 
qualities, but it has high grain-yielding propensities, especially on 
light soils. Previous to its introduction there was no high yielding 
variety suitable for this class of land ; by reason of this attribute, 
combined with a high degree of resistance to yellow rust. Little 
Joss has played a very important part in wheat growing in the 
British Isles. 

Squarehead’s Master derives the first part of its name from the 
appearance of the ear, being approximately the same width when 
looked at either full face or sideways. It is a red-chaffed and red- 
grained variety of high yielding capacity and has maintained a 
prominent position in wheat growing during the past fifty years. 

Squarehead’s Master shows a preference for soils of lower 
fertility than those required for Yeoman and on these it is relatively 
more productive than that variety. On the other hand if does 
not respond to intensive manuring so w^-ll as Yeoman. 

The grain of Squarehead’s Master has very little value for 
bakery bread -making. 

Queen Wilheimina is a Dutch wheat which, since its introduction 
thirty years ago, has achieved a very important position amongst 
varieties grown in the British Isles by reason of its high yielding 
propensities. It is white-grained and the grains are fairly large 
and plump and consequently favoured for poultry fecdhig. As a 
bread- wheat it is greatly inferior to Yeoman, but on the other hand 
it has proved a most desirable form for biscuit-making for which 
purpose it is much in demand. 

The straw is of medium length and fahly strong. Wilheimina 
is best suited to soils of rather above average fertility, and thus 
finds a place between Squarehead’s Master on the one hand and 
Yeoman on the other. 

In addition to these winter wheats there are a few varieties 
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which on account of their earlier ripening habit are used for spring 
sowing. Such are Red Fife and Red Marvel. The former is always 
a valuable milling wheat because of its high quality, but both 
varieties are somewhat weak-strawed and neither approaches any 
of the winter sorts in yielding capacity. Consequently their uses 
are limited largely to conditions arising out of an inability to 
utilize the winter sorts. 

Position in Rotation. — With the exception of Little Joss, 
which suits light soils, the varieties in general use succeed best on 
heavy to medium loams ; in the case of Rivet this may be extended 
to include cold, wet clays. In the crop rotation, wheat frequently 
succeeds ley, and where fallowing is practised it may follow this 
treatment of the soil ; it also often succeeds beans and sometimes 
roots and potatoes. 

Wheat is responsive to nitrogenous fertilizers and as the straw 
is much stronger than that of the other cereals and the grain does 
not suffer readily in quality as a result of high soil fertility, full 
advantage can be taken of these facts to treat the crop intensively. 
Wheat is responsive to phosphates also, especially when in a readily 
available form, and the addition of potash may be beneficial in 
minimizing the incidence of fungus diseases such as mildew. 

A usual mixture of artificial fertilizers is therefore : — 

1- 1^ cwt. sulphate of ammonia. 

2- 3 cwt. superphosphate. 

2 cwt. kainit. 

The fact that wheat is an autunm-sown cereal raises the question 
of the most suitable time of application of a mixture of artificial 
manures. Between the time it is so^vn and the end of January in 
the following year the vegetative development of the plant is 
relatively small and it cannot profitably utilize much nitrogen, 
whilst in addition, should the autumn rainfall he heavy, the sulphate 
of ammonia may suffer considerable loss by drainage. On the 
other hand it is realized that one source of additional yield in a 
crop is an increase in the number of the well-developed tillers a 
plant can support. But to produce their maximum contribution 
to the general yield the tillers must appear and develop as nearly as 
possible concurrently. The possibility of the plant taking advantage 
of an abundant supply of nitrogen at an early stage in its career is 
thus important, and w bile a loss by drainage is avoided by advancing 
the date of spreading the ammonium sulphate, it may be unwise to 
defer the application too long. 

Superphosphates greatly encourage root development, and 
early application of this fertilizer in conjunction with kainit is 
consequently necessary. 

In practice superphosphates and kainit are applied together 
before, or at the time of sowing, and sometimes with a small portion 
of the nitrogen, but at other times witlidut any of it . When a portion 
of the nitrogen is applied in autumn the balance should be appbed 
as early as possible in the following year. 
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Barley. — It has been observed previously that the spikelet of 
wheat consists of two large well-developed glumes which may in 
some species enclose one, but more generally two or more florets, 
each capable of producing a grain. In oats also there are two large 
glumes, and the whole spikelet consists usually of two or more 
florets, although there are varieties having a large proportion of 
one-flowered spikelets. In barley, on the other hand, the glumes 
are relatively small and insignificant, and the spikelet consists of 
one floret only. Again, although there are species of barley 
characterized by naked grain, such as is found in the majority of 
wheats, in the forms of barley usually grown in this country the 
paleae, which form the skin of the grain, are fused with the caryopsis, 
or true kernel. 

In harley as in all the other cereals there is a large number of 
species and varieties, but when dealing with the home-grown crop 
the varieties of importance are confined to two main species — 
Hordeum polystichum or six -rowed barley, and Hordeum distichum 
or two-rowed barley. 

In the six-rowed barleys three fully fertile spikelets arise from 
each node of the rachis ; the same arrangement obtains in the 
two-rowed barleys, but in this case only the middle or median row 
of the three spikelets is fertile — the other two containing stamens but 
no ovary. The median rows of spikelets in the case of both species 
have their ventral surfaces, i.e,, the surface with the furrow, opposed 
to the broad side of the rachis. The other spikelets are attached 
to the node nearer the edge of the rachis and in six-rowed 
forms the grains are consequently not absolutely symmetrical in 
longitudinal section, but slightly twisted. As to each set of three 
spikelets there is only one median grain, there are altogether at 
each side of the rachis in six-rowed varieties, one row of median 
and two rows of lateral spikckq^s, or in th(^ whole ear two rows of 
median and four rows of lateral spikelets. in two-rowed varieties, 
on the other hand, there is one row of fertili^ aud twa> i of 
infertile sfukelets on each side of the ear or two rows of fertile and 
four row's of infertile sjiikelets altogether. 

Betw^(on these two sjiecies there is a further species, H. inter - 
medinni, with six rows of fertile spikelets, but in this case the grains 
of the lateral are rnnch smaller than those of che nnuliari row^s and 
are, in addition, frequently either awnless or jjossess very small awns. 

I^laeli of these main groups is sub-divided on the basis of the length 
of th(^ internode, or distance between the points of atia- hment of 
the s])ikelets on the racliis. Thus, th€?re are dense and lax six-row'e(.l 
barleys, i.c., barleys with the spikelets set close together, and Withers 
witli the grains set at a great distance apart on the rachis, w^hilst 
similar sub-divisions occur in the two-rownd divisions. 

Instead of refen ing to the two-rowed barleys as d(‘.ns<‘- and lax- 
eared, however, they are usually described as broad and narrow- 
eared. These two sorts form the bulk of malting barleys growui 
in the British Isles. 
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Of the six-rowed barleys there are some possessing a certain 
degree of winter-hardiness which in consequence are grown as 
winter sorts, but the area devoted to them is small compared with 
that devoted to the ordinary spring sorts of two-rowed barley. 

Now, although only about three-fifths of the home-grown crop 
is used for malting, by far the greater portion of the total crop is 
grown in the hope of producing a sufficiently high standard of 
quality to be utilized for that purpose. It is thus important to 
know exactly the characteristics of a good malting sample, and 
more particularly the conditions determining the final quafity of 
the grain. A good malting barley is one containing a high percen- 
tage of starch and a small quantity of protein — that other important 
constituent of all cereal grains. It is from the starch that the brewer 
ultimately obtains maltose, and it is this material that later, when 
in solution and acted on by yeast, produces a fermented liquor. 

Apart from good “ condition,” by which is meant freedom from 
excessive moisture and a sweet smell, injuries to the grain 
sustained during thrashing, such as the removal of the germ, 
skinning or fracture of the grain, all operate against a high price. 
Again, a good malting sample should exhibit evenness in sizie of 
grain and in degree of ripeness, and be free of extraneous matter 
such as weed seeds. 

A good malting sample always exhibits certain well-defined 
physical features ; the skin is evenly coloured and very finely 
wrinkled ; the groove on the inner side of the grain is well-filled, 
and the grain consequently tends to be circular rather than oval in 
section whilst the interior of the grain exhibits a white, mealy 
appearance. Chemical examination shows that the best malting 
barleys are almost invariably relatively low in protein, that is, in 
those substances containing nitrogen. The valuation of a sample 
on the basis of the physical features just mentioned is, therefore, 
an accurate guide to intrinsic malting value. 

It may be considered that the question of the character of the 
grain is being over-stressed, but when it is recollected that the 
difference between a good sample and one which fails to reach a 
sufficiently liigh standard to be used for malting is often at least 
twenty shillings per quarter, the importance of quality in barley 
will be adequately realized. 

During the past twenty-five years a great deal of attention has 
been devoted to the question of malting quality in barley, and as 
a result of different researc^lies its trvie meaning is more clearly 
understood, and many of the contributory influences are now capable 
of more accurate definition. Altliougli there are many minor 
characters of a sample of gootl malting barley, a liigh starch content 
is fundamental, and we shall not be very wide of the mark in studying 
conditions contributing to the prcHluction of grain displaying this 
character. 

The first and most important condition influencing the quality of 
the grain is unquestionably the weather, and, strangely enough, 
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such extremes as very dry, sunny weather, and wet, sunless weather, 
operate against high malting quality. In the former case, owing 
to insufficiency of moisture, the plant dies prematurely before the 
translocation of starch from the straw to the grain is completed, 
whilst in the latter, the absence of sun and the excess of moisture 
lead to the grain being insufficiently ripened. Under both conditions 
the grain is thin and on sectioning exhibits what is described as a 
“ steely interior, in contra-distinction to the “ mealy interior 
associated with well-filled and fully-ripened grain. Thus barley, 
like oats, produces the best results in seasons of moderate rainfall ; 
neither very dry nor very wet years are really good. When con- 
sidered in its relation to definite periods in the life history of the 
plant, it is fo\ind that a moderately dry time immediately before 
and after sowing is beneficial ; likewise, a faiidy liberal supply of 
moisture during active grow'tb in late April, May and early June. 
After flowering and during filling, a moderate supply of moisture 
is desirable, and some again, preferably in the form of light showers, 
when the grain is almost completely ripe. 

Tlie next contributor}^ (condition is the soil, and here it is found 
that, regardless of the rainfall, heavy soils do not yield the best 
malting samples. These are produced invariably on the fairly rich 
loams and in years (diaracterized by a moderately heavy rainfall. 
Truly light soils produce excellent barleys in years of sufficient 
rainfall, but usually fail badly in dry years. Taking a long series 
of years in revnew medium loams produce the highest yield and the 
best quality of grain. 

Following weather and soil, tdie next important infiuence is that 
of variety. Tli(‘ numerous ^experiments with malting barley 
conducted during the last twenty-five years have been instrumental 
in demonstrating re^l ditlerenoes in malting quality betw'een 
varieties, Largely as a result of the comparison of varieties on 
tins basis, e.specialiy when viewed together with the yield of grain, 
the number of varieties of barlt‘v in general use to-day is small. A 
quarter of a century ago, the narrow -eared Chevallier, wdiich in its 
day marked a notable advance on the varieties in use jirevious to 
its a})]>earance, was extensively grown in the British Isles. The 
grain of Fhevallier was beautifully shaped and coloured, and pro- 
duced good malt. Unfortunatidy the variety w^as weak strawed 
and thus liable to lodge when growm on rich soils or in seasons of 
heavy rainfall, which induced ex(5essive vegetative develojiment. 
As a result of comparative trials, Lhevallier was gradually replaced 
by Archer, and still later by a hybrid, Spratt- Archer, winch was 
obtained by crossing Spiatt and .Lrchcr. 

Archer, in addition to 'neing a shorter and stroriger-strawed 
barley than Chevailiei', is more ])rolific, and tlie grain, although 
not so attractive in appearance, produces execlieni malt. Spratt- 
Archer is still stronger in the straw than x\rcher. and produces more 
grain, which, in addition to being brighter coloured, exhibits a 
slightly superior malting quality. 
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A survey of the broad-eared varieties for the same period 
rov eals similar large changes. Before the appearance of Goldthorpe 
in 1899, Spratt was the leading variety of this class. Although 
noted for its stiff straw and peculiar ability to thrive on soils con- 
taining a large proportion of organic matter, Spratt never produced 
tmtstandingly good malting material. When Goldthorpe appeared 
it quickly established itself as excellent malting barley, and it is 
doubtful whether any subsequently introduced variety has excelled 
it in this respect. For the heavier classes of soil, Goldthorpe, like all 
broad -eared tyjies, is superior to the narrow -eared barleys. In the 
ease with which the ear breaks off the straw when fully ripe, 
Goldthorpe exhibits a serious defect which subsequently led to its 
supercession by Plumage -Archer, another broad-eared barley, 
obtained by crossing Plumage, a barley of the Goldthorpe type, 
and Archer, which does not suffer from this defect. Plumage- Archer, 
like Goldthorpe, is particularly suited to the heavier barley soils, 
and whilst being somewhat earlier in ripening than Spratt- Archer 
it can be grown further North than that variety. 

Position in Rotation — Barley is a plant of rapid growth and 
development and this, coupled with the facts that it is essentially 
a surface feeder and unable to make a good defence against weeds, 
determines its place in the crop rotation. It is most commonly 
sown after a root crop, and usually produces the best results when 
it follows turnips, swedes or mangolds, rather than potatoes. 
Occasionally, barley is sown after another corn crop, generally 
wheat or sometimes barley itself, but this is usual only on land 
in a fairly high state of cultivation. 

Sowing. — There is a good deal of experimental evidence in 
support of the practice of sowing as early in the year as the condition 
of the soil and the state of the weather permit. A seed-bed, which 
by its condition of tilth permits the seed to be deposited at approxi- 
mately one depth and at regular intervals, is the one to be aimed 
at, and the exact date of sowing after, say, January, is immaterial, 
provided drilling is carried out when the land has reached thiS state. 
The quantity of seed varies somewhat with the nature of the variety 
and of the soil. The usual rate of seeding is — 3 bushels per 
acre, but in the case of high tillering barleys such as Spratt-Archer, 
the smaller quantity is sufficient. On light lands the rather heavier 
rate is preferable, while on heavier land and on land in good heart, 
2^ bushels is ample seeding. 

It should be unnecessary at this time to jioijit out that the 
seed used should possess a high percenLige of germination, and in 
most years there is no difficnlty in farmers obtaining sound, reliable 
seed with a germination of at least 90 per cent. It will be recolh^cUHl 
that evenness in size of grain and in degree of ripening are essential 
conditions of high market value, and to obtain these cliaracteristics 
in the resulting croj), eveimess in the growth of the plant from the 
very commencement should be aimed at. A great many samples 
of seed exhibit a high germinating capacity, but in many cases, 
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and especially after a wet harvest, the germinative energy of the 
seed, that is, its rate of germination within a specified period, is 
low and irregular. 

The shoots of young plants obtained from such seed consequently 
appear above the surface of the soil at varying intervals and establish 
a difference in degrees of development, which, l>eing maintained 
up to harvest, is exhibited finally in the varying degrees of ripeness 
of the grains composing the bulk. 

Because of their possible influence on the subsequent quality 
of the crop, other characters of barley seed have received attention 
in recent years. It has been shown, for instance, that the varieties 
in general cultivation require rather different treatment in the 
malthouse to secure the maximum of “ extract ” from them, and 
that consequently in bulks of grain composed of two really good 
malting barleys losses may be sustained by too long a period on 
the malt floor in the case of one variety or too short a period in 
the case of the other. These facts are well known to most barley 
buyers, and if they have evidence of mixture in samples offered to 
them their price is reduced accordingly. But this general position 
is aggravated by the fact that no two barleys ripen at exactly the 
same time and a mixture in a crop may, under some conditions, 
result in a proportion of unripe grain, a feature readily detected 
by the buyer who appraises the value of a sample accordingly. 

Thus, varietal purity in seed barley becomes a very important 
feature. As evenness in size of grain and in the degree of 
ripening are important, it is desirable to use B(^ed of even size, and 
such evidence as there is available rather points to the superior 
value of the more nitrogenous grain for use as seed. Although it 
is a practice with some growers to purchase seed of lots of barley 
that have received awards on a malting quality basis, it by no 
means follows that the resulting crop will exhibit the same degree 
of quality. That de|>ends on a series of conditions, some of which 
have been indicated already, and only in so far as tlie variety is 
one of proved potentiality in regard to quality can the grower hope 
to influence the charactej' of his (toj) by the seenl he pundiases. 

Provided the land is clean, the s\d)sequent cultivation of the 
crop is fairly simple and (consists of harrowing with a light harrow^ 
and rolling. Harrowing should be timed to he jKirformed when 
the plants show two or three tillers, and if done when the soil is 
drying after ram, the (;ro[i will Ik* greatly stimulated. In addition 
to its direct effect on tlie crop itself, harrowing will either kill or 
by exposure to tli(‘ sun so injure surface weeds as to render them 
innocuous to the barley. 

Some judgment is lequired in choosing the best time to roll for 
if done too early it may seriously check the young (larJey jjlants, 
whilst on the other hand, if it is done t(K> late, it may injure th(‘ 
rapidly developing tillers. 

Rolling shoidd Ix' done wlam the soil ts in a drying condition, 
and with oil her a plain or a Pamhridge roller, according to the 
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state of the soil. The latter type is preferable if the crop is suffering 
from wireworm or other grub attack, for it compresses the soil well 
round the plants and so renders the progress of this pest from 
plant to plant more difficult. 

In cases of severe drought, rolling may be repeated once or twice 
at intervals of seven to ten days. If for any reason hand-weeding 
is necessary, it should be done before the crop is far advanced in 
growth, for barley will not stand much rough handling. 

Cutting. — There is usually an interval of about six weeks from 
the time of the ear first appearing to the time of full ripeness, but 
the exact time varies greatly with the nature of the weather during 
the period of filling. If there is a good deal of sunshine alternating 
with showery weather about the time of full ripeness, then the final 
stages of ripening are remarkably rapid ; on the other hand, in the 
absence of sunshine and dews at night, these stages are more 
prolonged. 

It is a golden rule in barley growing to leave the crop standing 
until it is complete 1}^ ripe, a condition which is indicated by the 
entire absence of any trace of greenness in the straw, and better 
still, by the grain, which at this stage should exhibit a distinct 
mellowness and a very finely wrinkled skin. Grain, which when 
rubbed out in the hand assumes a shiny, ricey appearance, is defin- 
itely unripe. It is a better practice in every respect to allow the 
crop to be over-ripe than to cut it prematurely. With varieties 
such as Spratt- Archer the crop is not fully ripe until the ears turn 
completely down with the awns pointing to the soil in a line parallel 
with the straw. Care should be taken not to cut the crop when it 
is at all wet, for dampness round the bands of the sheaves, although 
not of itself harmful, may cause heating in the stack, which, although 
it may not proceed so far as to injure the vitality of the grain and so 
destroy its value for malting, is likely^ to give it an undesirable 
smell. 

After stooking, the crop should be allowed to remain in tlie field 
until the sheaves are thorouglily dry\ During this period an 
alternation of rain and sunshine mellows the grain, but sometimes 
causes a good deal of ditference in the colour from the two sides 
of the sheaves. If it is thought necessary, the difference in colour 
may be obviated by rebuilding the stooks whth the previous inside 
of the .sheaves now ])laced to the outside. This, however, is not a 
procedure to be recommended in unsettU'd weather. 

Provided tlu‘ crop is quit© dry^ it inav be thrashed from the field, 
or it may 1)© stacked and left for thrashing until some subsequent 
time. 

Thbashin(;. — Injuries to the grain su<‘h as skinning, removal 
of the germ, or too close thrashing resulting in the tip of the corn 
being exposed, should be carefully' avoided, for they detract seriously 
from the value of the grain for malting. A little of the beard 
left on the grain is no drawback, and is, in fact, regarded as an 
indication of careful thrashing. 
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Damage to the grain is usually caused by the breast of the 
concave of the thrashing drum being set too closely to the revolving 
drum, but too rapid thrashing, failure to open the sheaf sufficiently, 
and the passage of grain into the drum without its complement 
of straw, are frequently contributory causes. Screening should be 
carried out with care and every effort made to secure a sample in 
which the grains are all of approximately the same size, for this is 
a feature to which the buyer attaches considerable importance. 
Good screening is secured (1) by opening the screen sufficiently 
and by removing grains which become lodged between the wires 
in the course of thrashing, and (2) by feeding the thrashing machine 
at such a rate as to obtain an easy and regular passage over the 
screens, for when a thrashing- mi 11 is over-fed much of the grain fails 
to reach the operative part of the screen at all. A little large corn 
in the screenings causes infinitely less ultimate loss than a small 
portion of screenings in the good corn. 

Manurtno. — When barley is sown after a root crop it rarely 
requires further assistance, for the residuum of the manures applied 
to the roots is sufficient to carry it. On occasions, however, it is 
sown after a previous straw crop, either wheat or oats, generally 
the former, and some form of artificial dressing is then desirable. 

It may be regarded as an axiom that the effect of nitrogenous 
manures when applied to barley is to increase the amount of 
nitrogen found ultimately in the grain, a definitely objectionable 
feature in grain intended for malting ; nitrogen also has the effect 
of unduly prolonging the ripening period. If the land to which the 
nitrogen is applied is already well supplied with phosphates and 
potash in forms available to the plant, a better balance of the 
three plant foods is obtained, and the quality of the grain for malting 
is unlikely to be impaired. This latter condition, however, pre- 
supposes a knowledge not always possessed by the farmer, nor 
readily determined by mere inspection of the soil. Consequently, 
unless such knowledge is available, the safest procedure is to use a 
balanced manure, that is, one in which ail three of the manurial 
constituents, nitrogen, phosphates and potash appear. The 
nitrogen will stimulate the growth of the plant, whilst the phosphate 
and potash will both operate to secure the good filling of the grain. 

These three manures may be applied as a mixture in the following 
quantities per acre : — 

1 cwt. sulphate of ammonia. 

3 cwt. superphosphate. 

3 cwt. kainit. 

Aft/cr shoe]) fed on, the land is often too rich to grow good 
malting barley, largely by reason of the excessive quantity of 
nitrogen present. In such cases the application of a dressing of 
superphosphate alone is well worth trying, and if successful it may 
be supplemented by a small dressing of kainit on a limited area. 
Generally, however, it will be found that the phosphate alone is 
sufficient to rectify the effect of the excessive quantity of nitrogen. 
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Oats — In general form the oat plant is similar to the other 
cereals ; it is fibrous-rooted, the culm is erect and divided into 
nodes and internodes, and the leaves are divided into sheaths and 
leaf blades. The inflorescence, however, presents several features 
differing from those of wheat, barley and rye. In these, the divisions 
of the rachis are so small that they are only fractions of an inch, 
whilst in oats they are measured in inches ; moreover the spikelets 
in oats are not borne directly on the rachis, but either on branches 
of varying length arising directly from the nodes of the rachis, or 
on secondary branches arising from the primary branches. The 
manner in which the spikelets are joined to the pedicels, or small 
branches, is important, and forms, indeed, one of the features 
utilized in distinguishing different species. Thus, in some species 
there is a distinct cavity at the base of the grain, the edges of which 
are well defined, and frequently bear a ring of strongly -grown hairs. 
The extremity of the pedicel is expanded into a knob which fits 
into this basal cavity, the two thus simulating a ball-and-socket 
joint. Such an arrangement is found in Avena fat ua, the wild oat 
of cultivated land, and in Aimia sierilisy another wild form, indi- 
genous to the countries bordering the Mediterranean. On ripening, 
the tissue connecting the pedicel and grain separates naturally, 
and the grain thus detached from its pedicel is shed on to the soil, 
thereby assuring continued propagation. 

In Avena saliva — the species to which most of the cultivated 
varieties found in the British Isles belong — there is no sharp 
division of the tissues connecting the spikelet and the pedicel, and 
the grain when fully ripe separates from the pedicel by a distinct 
fracture of the tissues uniting the two. 

The wild oat, Avena faiiuiy is further distinguished from the 
cultivated form, Avena saliva, by the possession of a strongly 
grown, twisted and kneed awn, which is invariably present on all 
the grains of the spikelet. An awn is developed in many varieties 
of Avena saliva, but then only on the lower grain of the spikelet 
w hich' may consist of two or more grains. 

Avena strigosa, another species, must be mentioned here, for 
some varieties of this group are the oldest forms known in Britain, 
and are still cultivated in mountainous districts in Wales and in 
some of the western districts of vScotland. 

The grains of all the varieties of Avena strigosa, or the “ bristle - 
pointed ” oat, are small, and their attachment to the pedicel is 
similar to that found in Avena saliva. Instead of a more or less 
indeterminate end to the dorsal palea, however, the tip of the husk 
is extended into two long, fine, awn-like projections, and each grain 
of the spikelet carries a well-developed, twisted and kneed awn. 
The various forms of oats of this species flourish in Wales and 
Scotland on soils where none of the varieties of Avena saliva can 
be growm with any degree of success. The grain is small, but the 
straw is long, fine and abundant, and makes excellent fodder. 

Although considerable but persistently smaller quantities of oats 



154 


FARM CROPS 


are used in the form of porridge, oat cakes, etc., for human con- 
sumption, by far the greater quantity is utilized for stock feeding, 
consequently it is with this ultimate method of disposal in view 
that the value of the oat grain is determined. 

Now in barley the paleae, or coverings of the grains, are 
fused with the caryopsis or kernel, and it is impossible to detach 
them from the grain when it is dry ; even after soaking in water 
a separation can be made only with difficulty. In wheat, on the 
other hand, the kernel is separate from the paleae and may be 
removed readily on rubbing the ear through the hand. In oats, 
although the paleae envelop and so effectively protect the caryopsis 
against the weather, they are not actually attached to it in any 
way. 

If the true kernels of wheat and oats are examined chemically 
the largest differences in composition are found in the quantity of 
crude fibre and ash, both of which are higher in wheat ; the fat is 
invariably higher in oats, and the amounts of crude protein are 
similar in both cereals. But oats when used for cattle food are 
usually consumed unhusked, and it is thus the composition of the 
whole grain that demands most attention. 

Comparing wheat and oats on this basis the differences in 
composition are considerable, but they are centred mainly around 
the crude fibre, which frequently amounts to as much as ten per 
cent, of the weight of the whole oat grain. When it is recollected 
that the husk forms from 20 — 30 per cent, by weight of the whole 
grain, and that a third of the weight of the husk is fibre, the corres- 
ponding quantity in the whole grain is fully accounted for. After 
the fibre, the next largest difference is found in the crude fat, which 
is naturally much lower in the whole grain than in the kernel of 
oats, but is still higher than that found in wheat. The crude protein 
also suffers some reduction, whilst the asii is increased. 

In all respects, excepting that of fibre, the oat grain is a well- 
balaiiced food. To a large extent fibre is indigCvstible, and therefore 
unable to function either in maintaining the body heat or in con- 
tributing to sustain the normal physical activities of an animal ; 
it may, moreover, actually draw on more digestible foods for the 
muscular energy utilized in passing it through the alimentary canal. 
Thus it is that the quantity of fibre largely determines the feeding 
value of the grain ; there are, of course, differences in the amouqt 
of the other substances, but these, so far as feeding value is concerned, 
are outweighed in importance by the quantity of fibre 

Varieties.— T he number of varieties of oats in use has not 
undergone the same reduction as we have noted in the case of 
barley, and the farmer is consequently faced with the necessity of 
making a choice from an extraordinary large and bewildering 
collection of forms. 

Fortunately, the varieties in general use display certain 
characteristics which may l>e used to arrange them in convenient 
groups. The largest and most economically important group is 
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that into whicli the majority of spring-sown varieties fall. In this 
g^jonp such oats as Abundance, Victory, Golden Rain, Record, etc., 
are included. These are all characterised by stiff, moderately long, 
upright-growing straw, with open panicular-shaped heads, and grain 
with a tendency to be relatively large and of average quality. 
They are all spring forms, which although they may possess a 
small degree of winter- hardiness, will not survive a hard winter. 
Similar to .varieties in this group in most features except the 
character of the inflorescence, wliich is “ one-sided,” are varieties 
such as Black Tartary, usually grouped under the sub-species, 
Avena saliva oriejitalis ; these also are spring forms with stiff, 
upright straw and grain of rather inferior quality. Beyond the 
fact that the primary and secondary branches are held stiffly erect 
and adpressed to the rachis there is no botanical difference between 
varieties of this sub-species and those with open panicles grouped 
under A. saliva. 

A further group which, if of less importance than formerly, is 
nevertheless still valuable, is the one including Potato, Sandy, 
Longfellow, etc., all regarded as dual purpose varieties, that is, in 
addition to producing excellent grain, they yield an abundance of 
long, leafy, succulent stiaw of high value for stock feeding. 

Finally, there is the group comprised of the true winter-hardy 
forms, such as Grey Winter and Black Winter, which of all the 
varieties in use in the British Isles to-day are certainly the most 
resistant to winter conditions. Of the two. Grey Winter is slightly 
superior in this respect , but both produce an abundance of long, 
fine straw, which unfortunately exhibits a marked tendency to 
weakness on most soils. The quality of the grain in both cases is 
excellent and distinctly superior to that of most of the spring 
varieties, such as Abundance, etc. 

The value of the varieties of oats at present available to the 
farmer is not wholly determined by the characters of the straw and 
of the grain or by their ability to withstand winter conditions. A 
further valuable feature is their adaptability to definite conditions 
of soil and climate, which enables the grower to meet the require- 
ments of his particular conditions. Thus, Potato, Sandy and 
varieties of similar character are most successfully grown in localities 
with relatively heavy rainfall and of moderately low temperature. 
Districts such as Northern Ireland, North-west England, and a 
greater part of Scotland are noted for the excellence of the Potato 
oats produced there. In the East and South-east of England, 
Abundance and Victory, but particularly the former, are the most 
successful varieties. In the West of England, Golden Rain, and 
in Wales, Record, are the most suitable varieties, whilst in the 
South-west, Black Tartary and varieties of similar character are 
preferred on less fertile soils. Being a somewhat late-ripening 
oat. Black Tartary is preferred in these parts for the additional 
reason that it is not necessary to harvest it until after the usually 
wet periods of August. 
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Position in Rotation. — The position of oats in the crop rota- 
tion varies greatly with the extent to which other corn crops are 
cultivated on the farm. In Scotland, and in many parts of the 
North of Ireland, for instance, where neither wheat nor barley is 
grown in large quantities, oats follow root crops, leys and , if neces.sar y , 
oats themselves. Where both wheat and barley arc grown, oats 
then usually succeed wheat or on occasions they may be taken after 
leys. As barley usually follows a root crop and wheat succeeds ley, 
the position of oats is largely defined by the demands of these two 
cereals rather than by what should be its own particular 
requirements. 

Seed and Sowinc}. -Although there is a tendency nowadays to 
returij to the earlier custom of broadcasting seed, especially in 
Scotland, oats are usually sown with th(‘ ordina/y corn drill in rows 
of 4 to 8 in. apart. The quantity of sc^ed used varies with the 
locality, the character of the soil, the variety, and the time of sowing. 
In some areas such as Northern Ireland, as inucii as six bushels and 
over may be used, but the general quantity is three to four bushels ; 
light soils require rather larger amounts than heavier soils. V^arieties 
with high tillering capacities sucii as I^otato, Sandy, (xrey Winter 
and black Wi liter may be more thinly sown than olIku's siuii as 
Abundance, Victory, etc., wiiicli have a definitely less good tillering 
habit ; finally early sown crops by reason of tlu; greater tiller 
development resulting from tlie longer period alloweci for growth, 
and because they are less lial)l(j to serious in.sect attack, require less 
seed tlian crops d Tilled later in th(‘ season, w^iicli secure neither of 
these considerable advajitagc^s. 

Tile depth of sowing is to some extent governed by the character 
of the soil- the lighter soils, owing to the easier penetration of the 
.soil b}^ tlie young shoot, being able to sustain df^ejier sowfing than 
heavier ones. As a general rule, however, a depth of from two to 
three iiielies is tlie most d(\sirable, whilst anything less than this 
renders the plant liable to sutler from lack of adequate anediorage, 
and anything greattu' n^sults in the vigour of the young plant being 
absorbed in jieiietrating to the surface of the soil. 

Although th(Te is no well marked tendeiu'y for farmers to use 
barley se(‘d from wadi-defined areas, or from definite descriptions of 
soil, there apjiears to be some preference foi‘ oat scchI from ctu'taiii 
districts and soils. For reasons wdiieh have not been satisfactorily 
sufistantiated by actual (‘X[)erinieMts, Scotch seed oats have a distinct 
vogue in southern eouT.ties, whilst on chaUv soils setul from the Fen 
districts is .said to be desirable and vice-verm. Althougli it is uiiwi.se 
to ignore these lojig-(^stablished customs, it is equally undc^sirable 
to state them as practices nu'ritiiig unquaiilicul (umdation. They 
are wide-spread yiraetiees and eonsequently merit attrition, arul, 
if possible, eorroboration. 

Seed should be sound and exhibit high germination and germi- 
native energy ; the grains eoinposiiig seed samples should be large 
and even in size. A mixture of large and small-sized weed is not 
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aB productive as a sample in whicdi the seeds are all large, for the 
large seeds prcxluco larger and more vigorous plants than those 
I. suiting small seed, and the stronger ])lants ultimately 

.:om\H‘>te so stl•(^n\U)\^sly for space and light as to ser\ous\y V\mvt tW 
ultiumU^ value o( the produce o{ thi‘. small seed. Nevertheless bulks 
of seed composed entirely of small-sized seed are capable of ])r()ducing 
as heavy crops as large-sized seed under favoura})le conditions of 
climate, but as these cannot be predicted with certainty the use of 
large seed only is tlie safer practice to follow. 

Manuring. — The character and the quantity of artificial 
manures applied to oats depend very much upon the character of 
the crop they follow. If, as is frequently the case, they follow ley it 
is rarely necessary to augment the store of food material resulting 
from the decomposition of the clover and grass roots and portions 
of stems. Similarly, if they^ succeed roots the residue of manures 
used with those crops is sufficient to carry one corn crop at least. 
But if oats follow a corn crop, then the addition of some artificial 
manure is necessary unless farmyard manure is available, in which 
case it should be spread on the stubble of the preceding crop as 
early^ in the autumn as possible and ploughed in. 

Like other cereals, oats respond well to nitrogenous manures, 
but to obviate excessive vegetative development, which so often 
results in crops lodging, such manures should be augmented with 
soluble phosphates, preferably superphosphate, and small quantities 
of potash. A usual dressing is : — 

1 cwt. ammonium sulphate, 

3 cwt. superphosphate and 

2 cwt. kainit per acre, 

which should be applied either just before or at the time of sowing. 
In the event of insect attacks, such as frit fly, wireworm, or leather 
jacket a small dressing, say, ^ to 1 cwt. of nitrate of soda, may 
stimulate the growth of the crop sufficiently to carry it beyond the 
danger of complete destruction, but the use of such manures alone 
is always attended by the risk of over-growth, and later by lodging. 

Treatment between Rowing and Harvesting. — When oats 
are sown on ley land it is advisable to roll them immediately after 
sowing, preferably with a Cambridge roller, if the land is rough. 
Following this, the nature and the degree of treatment must be 
governed largely by the variety. Most of the spring oats such as 
Abundance and Victory, are characterized by what is termed an erect 
habit of early growth ; on the other hand, the true winter varieties 
exhibit a prostrate habit of early growth. Both these types of 
growth are in evidence at an early stage in the life-liistory of the 
plant. Now, whilst harrowing and rolling can be carried out with 
little or no ill effect to the varieties characterized by the prostrate 
habit of growth, the same operations may cause serious injury to 
the erect-growing forms unless they are performed at a much earlier 
stage. Although harrowing is desirable and unharmful to all forms, 



158 


FARM CROPS 


it is questionable whether rolling of the erect forms might not be 
omitted or at least reduced to a minimum unless attacks of wire- 
worm and other insect pests make the operation a clear necessity. 

Weeding is sometimes necessary, especially in the case of such 
weeds as thistleS, and is carried out in a similar manner to that 
employed in the case of other cereals. 

The methods of cutting and harvesting are identical for all the 
cereals, but where the straw is utilized for feeding, special cai^ 
must be exercised to prevent loss in feeding value by heating in 
the stack. In districts characterized by heavy rainfall, and in 
Scotland especially, this is secured by the use of stack racks which 
permit the free circulation of air through the interior, thereby 
preserving both grain and straw in an excellent condition. 

As by far the greater proportion of the oats produced in the 
British Isles is consumed on the farm, the necessity for close 
screening at threshing is not so imperative as it is with wheat and, 
more especially, with barley. Moreover, the small grains of an 
oat spikelet usually contain less husk than the large ones, and 
although they may detract from the appearance of a sample, their 
influence on the quality is beneficial. Any portion of the crop 
intended for seed, however, should be more closely screened to 
obtain an even-sized sample of large grain, the value of which for 
seed has been dealt with previously. 

Rye. — Although rye is a very important crop on the Continent, 
its cultivation as a grain croj) in the British Isk's has almost ceased. 
Rye bears a strong likeness to the other cereals botanically, but 
possesses other features which give it an added value agriculturally. 
Thus, it is the hardiest of all the (cereals and can over-winter under 
cf)n(litions of low temperature to which wlieat (wen will succumb , 
it will thrive on the very lightest soils and under conditions of 
consideralde soil acidity- It is nr/t, stirprising, therefore, that it is 
found chiefly on v^ery light sandy and gravelly soils, particularly in 
the east of England. 

Rye grain is similar in comjiosition to wheat and may be used 
for stock feeding under the sam(‘ conditions as that cereal. But 
it is jKu*haps of greatest value as a fodder (TOp for sheep, for when 
sown early in the autumn, it makes plentifid growth before the end 
of tlie year, and by the succeeding February furnishes a good bite 
for ewes at lambing time. Provifled the sheep are not kept on the 
croy> too long, rye re-establishes its growth rapidly and will then 
produce a good yield of grain. Frequently, however, it is ploughed 
in after sheeping, and the land left in that condition until it is time 
to ])rej)arc it for roots ; on light soils this method of dealing with 
tlie crop is an excellent preparation for turnips and swedes. 

pREPARATiOiN OF Lakd AND HowiNG. — This is in all respects 
similar to that prov ided for any of the o^her cereals. The quantity 
of seed used is about three bushels per acre which is usually drilled 
with the ordinary corn-drill. If autumn-sown the crop should be 
drilled towards the end of September or early in October. 
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Varieties. — There are in reality only two sorts in cultivation 
in the British Isles — ^the Winter sort and the Spring sort, of which 
the former produces the larger quantities of grain. The Spring 
sort produces a profusion of tillers, but the resulting yield of grain 
is not very heavy. The yield of grain varies considerably with the 
sort employed, and with the soil and season, but a good crop is 
from 3 to 4 quarters per acre. 

Rye straw is long, fine and resilient ; it has a low fodder value 
and is consequently usually used for thatching and for similar 
purposes on the farm. The finest qualities of rye straw, however, 
may be utilized in making straw hats, etc. 

Being hardy and fairly early in ripening, rye is a valuable 
component of silage mixtures. 

Potato. — ^Although some doubt may exist as to the exact date 
of the introduction of the potato into this country, there is abundant 
historical evidence that it was known here towards the close of the 
sixteenth century. It was cultivated in Chile and Peru for hundreds 
of years before it was grown in Europe, and the date of its intro- 
duction to this >>ontiiient synchronizes with the activities of the 
Spanish discoverers and conquerors of that portion of South America. 
We are probably indebted to the same agency for the initial distri- 
bution of the potato in North America and in Europe. 

Two sixteenth century potatoes have been described, one in 
Gerard’s Herbal, 1697, and the other by Clusius (Rariorum Plant- 
aram HiStoria, 1601). Gerard’s potato was a white -skinned, round 
type, while Clusius’ was reddish -purple and long. 

The potato is most generally propagated vegetatively by means 
of a tuber or swollen underground stem, and under these conditions 
the character of the original plant may be reproduced, without 
alteration, for a long series of generations. Sometimes, however, 
large changes capable of transmission do occur in one or more portions 
of the plant and may give rise to a new variety. This, although a 
rare occurrence, must be regarded as one of the means by which 
new varieties have arisen. 

Many varieties of potato are capable of forming true seed, and 
the potato flower, although self -fertile, is capable also of being 
fertilized by pollen of other varieties. In practice it is found that 
whether self- or cross-fertilized the seedlings produced from the 
large number of seeds of even a single potato apple exhibit an 
extraordinary diversity. 

It is very probable that in time Gerard’s form of potato became 
crossed with that of Clusius, and the progeny gave rise to the many 
varieties that were cultivated in the seventeenth and early part 
of the eighteenth century. 

Finally, new blood w^as introduced from America by the descen- 
dants of a self -fertilized potato imported from Chile by Goodrich 
known as Rough Purple Chile. 

To Paterson of Dundee (1810-1870) we owe the Victoria potato 
from which Magnum Bonum and Champion arose, probably by 
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crossing with other varieties. Tn 1845-1847 a series of attacks of 
potato blight (Phytophthora infestans) (p. 369) swept over the 
British Isles and the Continent with disastrous results, particularly 
in Ireland, where a large proportion of the population was engaged 
in agriculture and dependant to a great extent for their means of 
sustenance on the potato crop. 

This epidemic visitation over such wide areas acted as an 
incentive to efforts to secure a disease -resistant variety, and although 
none wholly of this character has been produced, many, amongst 
which Champion was noteworthy , exhibited some degree of resistance, 
at least for a time (p. 163). 

In more recent times, wart disease {Synchytrium endobioticum) 
has been a serious trouble to the potato grower, but in this case, 
fortunately, some varieties exhibit complete resistance to the 
disease (p. 366). 

The whole history of the potato in this and other countries is 
a long story of struggle with various diseases, with the result that 
in any account of agricultural varieties of this plant resistance to 
one or other malady has necessarily become an important feature 
of differentiation. 

It is not proposed to attempt a botanical classification of the 
many varieties now in use, here, but rather to indicate those parti- 
cular characters on which their economic value is based. The first 
division is generally made on physiological characters such as 
earliness or lateness in arriving at maturity, and grouping in four 
divisions is usually considered necessary : — 

(1) First Earlies. 

(2) Second Earlies. 

(3) Maincrop varieties. 

(4) Late varieties. 

Firjst Earlies, — These usually have colourless skins, and many 
of them are yellow- fleshed. They are not heavy croppers, but as 
they are grown with the hope of securing the early market, the 
enhanced prices then obtained usually compensate for the small 
yield, and frequently provide the grower with a substantial profit. 

The best Earlies are Epicure (r)’*', May Queen (k)*, Arran Crest 
(r), Ninety-fold (k) and Duke of York (k), none of which is immune 
to wart disease, and Di Vernon (k) which is immune. 

As First Earlies are usually dug before any serious visitation 
of potato blight, the necessity for differentiation into varieties 
resistant and susceptible to this disease does not arise. 

Second Earlies. — Varieties in this section are heavier cro})pers 
than those found in the First Early division and the flesh is white, 
more floury, and le.ss close -textured. The chief varieties liere are 
British Queen (r), Eclipse (k), Sharpe s Express, Boston Ki.:biey (k), 
Ally (r). Royal Kidiiry (k). Great Scot (r). Of these Boston Kidney 
Ally and Great Sc t are immune to ivart disease. 

* r . -b rounded an ' dv) Ivi(f'). \ .shaped tubor-.. 
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WLaincbop Varibtiiss. The First flind SbcoikI E&rly groups 
include varieties which by their very nature are habituated to more 
or less specialized conditions of soil and climate, or to both. The 
Maincrop group includes the most widely distributed and at the 
same time the most extensively grown varieties, which are all later 
in arriving at maturity and heavier croppers than any previously 
mentioned, and are, in the main, characterized by good quality. 
King Edward, although susceptible to wart disease, is still the most 
popular of them all. It is a good kidney shape with shallow eyes 
around which there is a characteristic red patch. It cooks well 
and does not blacken quickly after cooking, a feature that commends 
its use in hotels and restaurants. King Edward suits good, deep 
soils and responds well to intensive manuring. 

Majestic is another kidney-shaped variety, and is immune to 
wart disease. It does not produce the good quality of King 
Edward, but finds a ready market in the chip- potato trade. 

Up-to-date (oval), although susceptible to wart disease, is a 
variety of excellent quality and high-yielding propensities. It was 
extremely popular in England for a number of years and is still 
grown somewhat extensively in Northern Ireland. 

Arran Chief is a white-skinned, oval variety of excellent quality. 
Unfortunately it is susceptible to wart disease and also, more than 
ordinarily susceptible to blight. 

Kerr’s Pink (r) is a distinctly late variety, but a heavy cropper 
of excellent quality. It is immune to wart disease, and not very 
susceptible to blight. On the other hand it has a coloured sLin 
and deep eyes, and both these features operate against its r^ady 
sale in the market. It is a heavy cropper and succeeds relatively 
better than other varieties on inferior soils. 

Golden Wonder (long) is another late, wart-immune variety, 
but somewhat inferior. in yielding capacity. This is equalized to 
some extent by its excellent quality. 

Son^s. — Potatoes can be grown successfully on a variety of 
soils. Large areas of the crop are found, for instance, on warp 
soils and on Fen land, but when quality, ease in cultivation, and 
facility in harvesting are considered, the best soils appear to be 
those containing a fairly high proportion of sand. The potato 
is definitely a plant requii ing a good deal of moisture to produce 
full and healthy development, but it also demands an open condition 
of the soil for free tuber develo})ment, hence, heavy clays are gener- 
ally unsuitable, more particularly in districts of heavy rainfall. 

The character of the soil exercises a marked influence on the 
quality of the crop, and although the physical condition of Fen 
land and similar soils is excellent for growing the crop, the quality 
of the produce is not generally so good as that obtained on more 
sandy soils, such as the war])s, the red soils of Dunbar, and certain 
areas in the North of Ireland. 

Potatoes do not appear to demand alkaline soil conditions and 
will, indeed, grow well in soils which are slightly acid. 
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Manuring. — Potatoes succeed well after a leguminous crop, and 
consequently often succeed peas, less frequently beans, and 
commonly clover, in the crop rotation. In some potato-growing 
districts a one-year clover ley with a very small amount of rye-grass 
is grown, largely as a preparation for potatoes, ihe first crop 
of clover is made into hay and the aftermath left until it is sufficiently 
grown in the autumn and then ploughed in. 

Potatoes do not demand the large quantities of farm-yard 
manure that can he utilized to such marked advantage witli swedes, 
turnips and mangolds. Farm-yard manure, like other forms of 
organic material sucii as mustard, ploughed in, appears to act in 
the capacity of a soil conditioner with this crop. For this reason 
many potato growers apply such farm -yard manure as may be 
used, in the autumn, thereby securing thorough admixture with the 
soil and the full benefit of the physical effect before the crop is 
planted. 

Farm -yard manure is usually supplemented with dressings of 
artificial fertilizers, to which potatoes make a large resj)onse, even 
on soils which are in a high state of fertility. Mixtures containing 
sulphate of ammonia, superphosphate, and potash are usually used, 
but the quantities applied vary greatly with the class of soil. Much 
greater use is made of potash with tliis than with any other farm 
crop, and because of its influence on the quality of the tuber, 
sulphate of potash is definitely preferred to other potassic manures, 
but particularly to the muriate of potash and kainit. Phosphates 
also play an important part in the mixture, a common example of 
which is : — 

1 2 cwt. sulpliato of aniinoma 

4 ~6 cwt. Huporphoaphate 
2 — 3 cwt. sulphate of potash 

Artificial manures of all descriptions are best applied in the drill 
immediately before planting. 

Seed.— T he potato “ seed ” is not a s(hm 1 in the botanical sense, 
but an underground swollen sUun, or tidxT. 

For many years past it has been customary for potato growers 
in the more southern parts of the British Isles (and tin* same a})plies 
tf' the Continent) to obtain their “ seed from northern districts — 
and, it was assumed, the farther north the bettr*r. Sometimes 
afh^r one, more often after two, and frequently after tinee years’ 
growth in the south, the produce of the irnjKjited seed exliibits 
progressive degeneration until finally, in extreme cases, the jilaiits 
die away without forming any tubers. 

In recent years this degeneration has been the object- of a great 
deal of research, as a result of which it has been shown that the 
cause of the trouble is a virus (j). 4(K1) Virus disc'ases occur in 
a large number of cultivated plants, sm^h as the tomato, rasplxu'ry, 
tobacco, sugar-cane, etc., and them exact nature is still und(*fined. 
They are known by their effects rather than by tti(nr jiiiysical 
properties. A very important feature, however, is tliat they can 
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]),. communicated from plant to plant by insects. In the case of 
tiic potato, if the virus passes from the leaf down the stem into the 
l iber, the plant eventually arising from such a tuber will contain 
the virus and its tubers in turn will also contain it, most probably 
.1 an intensified form. The effect of the virus diseases is a general 
l(H^rease in the vitality of the plant, exhibit(3d in the form of lessened 
,t‘getative development and therefore of tuber production. The 
/l(‘generation may be extraordinarily rapid and once started cannot 
})e arrested by improved cultivation or manurial treatment. 

Amongst the insects capable of transmitting the virus from 
plant to plant are the green fly and the jassids, both of which are 
very common in the more southerly parts of England, but are 
progressively less numerous as one proceeds from south to north. 
Thus it is that seed from the north is usually healthier and produces 
better crops, at least until it becomes badly infected with virus. 
But the mere fact that the seed originates in the north is no guarantee 
of its freedom from disease, for this depends first on the initial 
cleanness of the stock, and then on the extent to which it lias been 
subject to infe(^tion. These conditions rather than geographical 
boundaric^s demark good from bad seed, and provided the initial 
stock from wliich a bulk of seed is produced is virus-free, excellent 
stock can be raised in Northern Ireland and in high-lying districts in 
the north of England. 

Steps are now being taken to raise virus-free seed on an adequate 
scale under conditions which expose it to the minimum amount of 
insect attack. 

Some recent work has also shown that resistance of a variety to 
blight (Phytophthora infestans) is reduced when tlu^ plant is suffeiing 
from virus disease — a finding that accounts in a large raeas\ire for 
the general rexbiction of resistance to blight exhibited by Champion, 
for until recently it was extremely difficult to obtain any stocks of 
that variety which did not exhibit evidence of virus in some form 
or other. 

These considerations rather than any cpiestions of size, etc., 
<l(‘termine the value of potato seed, and as the seed tubers themselves 
i'car no manifestation of virus the grower is largely dependent in 
this, as in many otlier seed questions, on the veracity of the seed 
sup})lier. 

Mangolds.- Mangolds were not introduced into this country 
until some time after turnips had become a recognized farm crop. 
riu'V are a crop that responds to conditions of high soil fertility 
and to higher general mean tcmj)eratures than turnips and swedes 
»f all descri]>tions ; consequently it is not surprising to find the 
areas of most intensiv^e cultivation in the east and south-east of 
England. They are rarely met with in Scotland and are cultivated 
to a very small extent in Northern Ireland, although they are a 
mucli more common crop in the Iri.sh Free State. 

Mangolds belong to the genus Beta of the Natural Order 
bhcno})odiacea‘, a great many representatives of which are met 
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with near the sea and on the littoral of salt lakes. Like the turnips, 
they are i)iennial8 and the root (in this case the hypocotyl and root 
together), the economically valuable portion of the crop, is produced 
in the first year. Consequently, except where seed production is 
the object, the mangold is grown as an annual. 

The valuable feature of the crop is the dry matter contained in 
the root, which varies with the class of mangold from 10 to 14 per 
cent. This, it will be noted , is not higher than the amount frequently 
obtained in swedes, but on the average exceeds that produced by 
white and yellow turnips. Concurrently with this feature there is 
the fact that the weight of mangolds produced per acre is greatly 
superior to that obtained from turnips. 

Mangolds are usually grouped according to the shape of the 
root and the colour of the flesh in the following manner : 

(1) Yellow Globes, with yellow skin and white or yellow flesh. 

(2) Intermediates — a definition referring to the shape of root, 
which is intermediate between the Globe and the Long. In 
this class the flesh may be yellow or white and the skin red 
or yellow. 

(3) Tankard. — Skin orange-yellow or crimson and the flesh 
yellow or crimson. 

(4) Long. — Skin yellow or red and the flesh the same colours. 

The choice of the variety of mangold for any particular con- 
dition is determined by several considerations, chief amongst which 
are (a) the adaptability of the variety to the soil, the various types 
available exhibiting considerable differences in this respect ; (6) the 
yield of roots and the percentage of dry matter which together 
produce the important criterion of value, namely, weight of dry 
matter per acre ; (c) the facility with which the roots can be lifted ; 
and, to a somewhat smaller extent, (d) the keej)ing quality of the 
roots. Considered in the light of these features the white-fleshed 
forms of the Yellow Globes and the Tankards are suited to good 
soils, whilst Long Reds require deep soils and arc well-suited to 
those such as peats, which contain a high proportion of organic 
matter. The Long forms and, to a less degree, the Intermediates 
are more difficult to lift than the Glolies because h. great(U‘ proportion 
t>f root is actually in the soil. 

In point of yield of roots the white-fleslied Globes and the 
Long Red forms usually produc*e the greatest weight per acre, and 
the Globe forms the smallest , the Intermediate yellow-fleshed 
forms come next to the Long Reds, whilst the Tankarils <ire relatively 
small crop[)ers. 

In point of dry-matter content, however, the white- fleshed 
Globes are distinctly inferior to all other sorts, but the yellow- 
fleshed (Robes in company with Tankards and Long IUhIs are 
amongst the best in tliis respect. 

When the yield of roots and the percentages of dry matter are 
combined into yield of dry matter per acre, the T.ong Reris and 
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yellow-fleshed Globes are the superior forms and the white-fleshed 
Globes and the Tankards the least good. 

In keeping quality Long Red and Tankard forms are slightly 
superior to the others. 

Position in Rotation. — As a root crop mangolds fall naturally 
into the root shift of the rotation, and thus usually follow and are 
succeeded by a cereal. Clean land is essential to the successful 
cultivation of this crop and if a stubble is foul with weeds every 
opportunity of autumn cultivation should be availed of, for too 
frequent movement of the soil in spring may rob the soil of the 
moisture necessary to secure full germination and a strong “ plant. 

The crop is sown from the early part of April to the end of May 
in drills or on the flat, the former method of drilling permitting 
of more thorough cleaning during growth. The second method of 
sowing is common in districts of low rainfall, since the soil moisture 
is better preserved than in the open drills, but it does not permit 
of the same thorough cleaning and cultivation. 

Manurial Requirements. — Mangolds, like turnips, require an 
abundant supply of lime in the soil to produce normal, healthy 
development and no fertilizers, whatever their nature, will com- 
pensate for or minimize the effects arising from a deficiency in this 
respect. They are a crop that responds to nitrogenous manures, 
whether in an organic or inorganic form, but as in all other cases, 
the full benefit of any form of the three essential plant foods — 
nitrogen, phosphate and potash — can be secured only when the 
other two are also present. Phosphates in some readily available 
form are usually found to give a profitable return, and common salt 
is frequently a most profitable addition to a mixture, but if it 
cannot be obtained kainit, which contains a substantia] quantity 
of common salt, may be substituted. 

The character of the artificial fertilizers used is largely determined 
by the lime content of the soil. A suitable mixture for land 
sufficiently supplied with lime is : — 


Farmyard manure 
Sulphate of ammonia 
Superphosphate 

Kainit 

Common salt 


up to 20 tons. 

^ to 1 cwt. 

from 2 cwt. on light land to 4 cwt. on 
heavy land. 

4 to 5 cwt. on light land, but half the 
quantity on heavy land. 

3 cwt. 


while for a soil deficient in lime, nitrate of lime or calcium cyanamide 
may be substituted for sulphate of ammonia and steamed bone flour, 
basic superphosphate or basic slag may be used in place of super- 
phosphate. The basic slag, however, is slow in action and should 
be applied to the land some weeks before the seed is drilled. 

In addition to these manures, which should be applied in the 
drill together with the dung before the drills are split just before 
sowing, 1 to 2 cwt. of nitrate of soda on soils containing sufficient 
lime or the same quantity of nitrate of lime on those deficient in 
lime are applied to the crop after singling. 
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Sugar Beet (Beta vulgaris) is a member of a species of the 
Order Chen opodi ace se. which includes the mangold, common 
garden beet and the leafy beet or chard, all of which are regarded 
as having originated from the wild sea beet. Beta marituna. 

The wild beet is found in its normal habitat along some of the 
more southerly European coasts. There it develops a fine slender 
root and may be an annual, biennial or perennial. Contrary to 
general belief, individual roots of this species may contain more 
than 14 per cent, of sugar. 

As an agricultural crop sugar beet has been known on the 
Continent, particularly in France and Germany, for one hundred 
and fifty years, but its cultivation in the British Isles on an extensive 
scale commenced about 1920 only. In that year there were 3,000 
acres, but the increase in the acreage has been so rapid that there 
were well over 300,000 acres in 1930, a hundred-fold increase in 
the space of ten years. 

The value of the sugar beet crop depends primarily on the 
amount of sugar that can be extracted from the root. The per- 
centage of sugar in the root is subject to considerable seasonal 
variation, to variations due to the character of the soil, and finally 
to the variety itself. 

As the value of the crop to the grower depends on the total 
quantity of sugar produced per acre, tlie percentage of sugar is not 
the only criterion of value, for the same total quantity of sugar 
may be secured from a small yield of roots with a high percentage 
of sugar as from a high yield of roots w'iih a lower percentage of sugar. 

Sugar beet is a white-skinned bieimial producing a large more 
or less conical-shaped root capable of penetrating the soil to a dej)th 
of 12 — 15 in. The leaves and inflorescence are v;ery like those of 
the mangold. The flowers are green and insignificant and mainly 
wind-fertilized. The plant may “ bolt ” or send up its flowering 
stem in the first year. The tendency to do this is hertnlitary and 
s(nne strains are much more liable to it than others. In all strains, 
howeA'ci', too early sowing or a severe check durijig (^arly growth are 
conditioji.s which pre-dispose to “ Ixdting.” 

Provided there is sufficient lime present and that they are deo]) 
enough, there are few soils wdn’ch will not grow sugar beet. The 
suitability of any particular soil, however, is det(Tmined largely 
by various (‘conornic as])e(!ts : light soils on the wliole are desirable 
by jeason of ease in working them, in lifting the crof), and because 
th(‘ roots are comparatively free of soil when lifted. Oji the other 
hand, the yield from such soils is likely to be poor in years of low 
rainfall unhvss a pi’obabk* deficicTicy in this respect can be met by 
the li})oral use of farmyard or other organic manuTes. 

If it is ]K)ssible to secure a good seed-bed, sugar betd can be 
grown on heavy land, but here the difficulty cxj>eri(‘nced so 
frequently in lift ing the crop and of carting it off the land, together 
with the impossibility of securing it without an undue quantity of 
soil arc s(‘rious limitations. 
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On tho whole when yield and quality and ease in working and 
lifting are considered together, warplands anri medium soils are 
the most desirable for this crop. Much of the Fenland will j)roduce 
l^rood yields of beet, but its quality is not high. 

Varieties ; — The main efforts at improving the sugar beet crop 
have been directed to the production of the largest possible quantity 
of sugar acre, and to a very large extent this has been accom- 
plished by gradually raising the percentage of sugar in the roots. 
That there must be a natural limit to advance in this direction is 
obvious, but it is equally certain that progress is still possible by 
combining high yxrccntage of sugar with high yield of roots per 
acre, and modern improvement has taken this direction. Combined 
with these two desirable features attempts have been made to secure 
such modification in the conformation of the root itself as wdll 
render the crop easier to lift. Branching and fanged roots have 
accordingly berui eliminated gradually, and in the best varieties 
tho root is now cone-sha})ed. Furtlier but smaller modifications 
are the small-leaved to{)s and non- bolting strains. 

The seed of the varieties in use in the British Isles is at present 
derived mainly from foreign sources. For ])urj)oses of com- 
])arison the varieties are divided into three types — IC, Z and N. 
The F types are those producing large crops and not j)articalarly 
high sugar content ; the Z ty|)es are those of decidedly high sugar 
content, and the N types re])resent what may be regarded as a 
combination of the characteristics of E and Z types. 

A series of comparative tests was (tarried out by the National 
Institute of Agricultural Botany from 1927 to 1929 and in these 
Kleinwanzleben E produced the largest quantity of sugar per acre 
and gave the highest gross monetary return. 

On the average of three seasons’ trials at three centres Klein- 
wanzleben E produced 13 tons per acre of washed beets containing 
an average sugar cojitcnt of 17 3 per cent, and a general average 
gross value of £33 per acre. 

In the same period and at the same centres the lowest weight 
of washed beets of eleven ^'arieties was produced by Janasz — a 
lk)lish sort which gave approximately 10 tons per acre with an 
average sugar content of 19 pr^r cent. Despite the high percentage 
of sugar the gross money value per acre fell to £28 5s. 

Turnips.- - Although turnips, in common with all other tillage 
crops, have declined seriously in acreage during the past fifty years, 
they are still the most important root crop in Great Britain. They 
are at the same time the most widely distributed of the fodder 
crops and on an acreage basis stand in the same position towards 
other root crops as oats do towards wdieat and barley. 

Turnips were grown as a garden crop in this country three or 
four centuries ago, but did not become established as an agricultural 
crop until early in the 18th century. In the Low Countries they 
were an important farm crop for many years previous to their 
adoption as such in England, despite the enthusiastic advocacy 
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of Sir Richard Weston, who took the opportunity occasioned by 
his residence on the Continent (about 1644) to study the systems 
of cultivation and methods of utilizing this and other crop plants. 

It is to Lord Townshend, however, that the extended cultivation 
of turnips in this country is primarily due. He studied the subject 
with infective enthusiasm and the value of the roots for cattle 
feeding was demonstrated by great improvement in his stock, and 
then as a consequence, in the greatly enhanced returns from his 
corn crops. By utilizing Tull’s turnip drill Townshend was enabled 
to secure to the turnips the advantage of horse-hoeing, which they 
had lacked previously owing to being sown broadcast. The value 
of the new crop for cleaning the land and as a preparation for 
corn crops soon became widely recognized. Eventually, and 
as a result of his experiments, Townshend formulated a system of 
the rotation of crops, subsequently known as the Norfolk four- 
course, which in its original form was turnips, barley, clover and 
rye-grass, wheat. 

Swede turnips, which are distinguished from the ordinary 
turnip by the extended stem (generally called the “ neck ”) from 
which the leaves arise, are reputed to have been introduced into 
Britain later in the eighteenth century, and Coke of Holkham is 
considered to have been the first to grow them on a large scale. 

Turnips are usually classified in three groups : white turnips, 
yellow turnips and swede turnips. One difference between the 
first two and the third grouj) has been mentioned already ; a 
further differentiation is afforded by the leaves : the first foliage 
leaves of all three groups are rough, i.e., they are covered with 
short, fairly stiff hairs, but while those of the first two groups are 
grass-green, in the case of the swede they tend to a bluish and never 
to a grass-green colour. Again, the leaves of all varieties in the 
first two groups retain the character of harshness to the touch in 
all the later produced foliage, but in the swede the later leaves 
are smooth and glaucous. 

The most important economic difference between turnips and 
swedes, however, is the amount of dry matter they contain. Turnips 
are characterized by a high percentage of water, 86 to 93 per cent, 
being a usual range, while the dry matter varies between 9 and 14 
per cent. About two-thirds of this dry matter consists of sugar, 
and the remainder of protein, fibre and ash. White turnips con- 
tain the smallest quantity of dry matter and swedes the largest, 
whilst yellow turnips occupy an intermediate position in this 
respect. 

Finally, swede turnips have a longer period of growth and are 
hardier than both of the other two sorts, and can be kept without 
loss for a longer period before being used. 

White turnips are so described because they are white-fleshed, 
but the outer skin may be white, green, purple or mottled green 
and purple. These turnips grow very rapidly and when sown 
early are ready for use in early autumn, the leaves and bulbs being 
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v'onfluraed together. If they happen to be left in the ground and 
( ncounter a mild winter they will continue to grow, and a late 
Hown crop may then be consumed in the spring. White turnips 
can thus be utilized to provide fodder over an extended period and 
are consequently most useful on sheep farms and for cattle, 
especially milch cows. 

Yellow turnips are yellow -fleshed and contain from 8 to 10 per 
cent, of dry matter ; with regard to the period at which they can 
be best used, they are intermediate in value between white turnips 
and swedes. 

Swede turnips may be white or yellow-fleshed, but the latter 
are the more commonly cultivated. The outer skin of the yellow- 
fleshed types may be green, purple or bronze, but irrespective of 
the colour of the skin the percentage of dry matter, usually from 
10 to 15 per ceiit.^ is higher than that found in the white and 
yellow turnips. They have a long period of growth and a high 
degree of adaptability to the cooler, moister conditions of the 
north and west. Their cultivation under the warmer, drier con- 
ditions of the midlands and south is attended with more than what 
might be considered legitimate risk. 

The difficulty of securing the germination and establishment 
of the young plant is ever present with this crop. Damage 
resulting from attacks of the flea beetle frequently necessitates 
a second, and even a third re-sowdng. Consequently the choice 
of soil and the methods of cultivation previous to sowing are 
governed largely by the necessity of obtaining a fine tilth, and of 
conserving sufficient moisture to ensure germination at what is 
frequently a dry time of the year. 

Turnips and swedes are grown on soils of almost every descrip- 
tion, but because of the greater facility in securing the necessary 
fine tilth, light soils and medium loams are regarded as the most 
suitable. Under any circumstances the soils should at least be 
neutral, for with acid conditions the crop is very liable to suffer 
from attacks of fingor-and-toe (p. 364). 

Because of the frequent stirring of the soil necessitated by the 
operations of bunching and thinning, and of their response to 
frequent horse-hoeing, and of the small amount of damage they 
sustain durirg this operation, turnips act as the cleaning crop in 
a rotation. They are also valuable as the crop to which farmyard 
manure may be applied with advantage, and, at the same time, 
without risk of injury attending the large vegetative development 
induced by that manure in most crops. 

An outstanding feature of turnips and swedes is the manner in 
which they respond to phosphatic manures, especially to those of a 
readily soluble form, and no mixture of artificial manures can be 
regarded as suitable for turnips which does not contain a liberal 
quantity of some form of phosphatic fertilizer. Thus, although a 
dressing of, say, 10 tons of farmyard manure may produce a 
remunerative increase in the crop, the increase obtained from a 
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further 10 tons is not equal to that resulting from the first dressing. 
The addition of the relatively small quantity of 4 cwt. of super- 
phosphate to the first 10 tons of farmyard manure will indeed give 
more satisfactory results than the dressing of 20 tons of farmyard 
manuie. 

The following mixtures of artificial manures may be used in con- 
junction with a moderate dressing of, say, 10 to 15 tons of farmyard 
manure. As an alkaline, or at least neutral soil is essential for the 
healthy growth of the crop, provision must be made for this in the 
character of the artificial mixture. This is on soils deficient in 
lime usually done by substituting basic slag for superphosphate on 
heavy soils and steamed bone flour or basic superphosphate for the 
same manure on lighter soils. The different requirements of heavy 
and light soils are also provided for as follows : — 


(1) Soils not deficient in lime. 


(a) 

Heavy Soils ... 

1 i to j cwt. Sulphate of ammonia, 
j 4—6 cwt. Super|)hosphate. 

( Small quantity of Muriate of potash. 

(b) 

Light Soils ... 

( i to 1 cwt. Sulphate of ammonia. 

\ 3 to 6 cwt. Superphosphate. 

[ 2 to 4 cwt. Kainit. 

2) Soils deficient in lime. 

( to 1 cwt. Nitrate of lime or calcium cyanamide. 

(a) Heavy Soils ... \ 5 to 8 cwt. Basic slag. 

( Small quantity of Muriate of potash. 

(b) 

Light Soils 

1 i to 1 cwt. Nitrate of lime or calcium cyanamide. 

2 to 3 cwt. steamed bone flour or basic superphos- 
( 2 to 4 cwt. Kainit. [phato. 


The artificial manures recommended for soils deficient in lime 
cannot, however, be expected to correct a marked lime deficiency. 
This is a condition which should be rectified by the application of 
lime in some form and in quantities varying according to the 
sourness of the soil, preferably several months before the land is 
sovTi with turnips. 

The mixtures of artificial manures are all best applied with the 
farmyard manure, actually on top of it, immediately before the 
drills are split. Their ready accessibility to the young growing 
turnip plant is desirable, since they assist in establishing it at a 
critical stage in its development. 

Rape is one of the most valuable forage crops, particularly for 
the sheep farmer. There is a tendency sometimes to regard rapes 
as comprising a separate group of the Brassicic, but a truer 
botanical classification divides them into turnip-like rapes and 
swede-like rapes, in accordance with the character of their foliage. 
Those with the lighter-green, somewhat rough foliage come under 
Brassica rapa (turnip), whereas those with smoother, more glabrous 
foliage are included under Brassica Napus (swede). 

Rape is a very leafy, succulent plant groving to a height of 
two to three feet and is cultivated both as a main crop and as a 



BRASSIC^ 


171 


catch crop. It is particularly suitable for sheep-feeding, and 
develops so rapidly that if sown in April it may be folded in August. 
An average crop of rape will yield 12 — 15 tons of greenstuff per 
acre, and weight for weight it is of appreciably higher feeding 
value than swedes. 

The commercial sorts in general use are the Giant and Essex 
dwarf ; the former being usually regarded as more suitable for 
poorer and lighter classes of soil and the latter for richer soils. 

Sowing is invariably done on the flat and the seed may be 
drilled or broadcast. The latter is the usual procedure and 10 to 
12 lb. of seed are required per acre ; if drilled, 4 or 5 lb. are 
sufficient. Following broadcasting no further cultivations are 
necessary and, indeed, the manner of seeding makes such impossible. 
On account of its large and rapid leaf development, rape wrill 
smother weeds most effectively. 

As a catch crop succeeding such crops as early potatoes or peas, 
rape fulfils a useful function. After early potatoes harrowing and 
rolling are all the operations necessary for the preparation of the 
seed-bc^d, but after peas it is necessary usually to plough and then 
harrow down to obtain the requisite fineness of seed-bed. 

Kale, Thousand-headed Kale, Marrow-Stem Kale, Kohl Rabi 
and Cabbage, although very dissimilar in appearance, are nearly - 
related botanically and are all included in the cabbage group, 
Brassica oleracea. Whether, as is sometimes stated, the various 
types included in this group originated in the wild cabbage found 
on the south coa.st of England has not been, nor is it likely to be, 
determined with certainty. But the wild cabbage crosses readily 
with all the cultivated forms found in the cabbage group, as do 
tliese also amongst themselves, and these two facts are now^adays 
regarded as indicating community of origin. 

Of the various races in the cabbage group, the kales are most 
like the wild forms. The thousand-headed kale is a much-branched 
j)lant, growing two, three or more feet in height with numerous 
plain, uncurled leaves, and can withstand both drought and frost, 
it is an excellent food for sheep and is usually grown to provide 
‘‘ feed ” in the early months of the year. 

The crop requiies cultivations similar to those given to root 
crops such as turnips and swedes. After a fine seed-bed has been 
secured, the seed may be drilled and the young plants thimied as 
desired. Young plants may also be raised in a prepared seed-bed 
and then transplanted, say, in August. This method secures 
th(un against scuious damage by the tuiaiip fly. 

Once the })lants are established the subsequent cultural opera- 
tions are similar to tliose practiced with turnips and swaxles — the 
horse-hoe being ke{)t going until the crop has arrived at a stage 
when a continuance involves physical damage to the plants. 

The principal use of thousand- headed kale is as a green food for 
ewes and lambs in the eaii\ months of the year, but it may be 
consumed at any other time, and the proposed use of the crop 
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determines the exact time of sowing or transplanting. When 
ready for consumption the crop may be folded off or cut and fed 
to sheep on grass. 

Curly kale, which is cultivated and utilized very similarly to 
thousand-headed kale, is a hardy plant with numerous large leaves 
which are strong curled owing to a disproportionate growth of the 
leaf margins. 

Kohl Rabi {Brassica oleracea caulo-rapa) or the turnip-rooted 
cabbage, is a crop confined mainly to the eastern and south-eastern 
counties of England. In this plant the stem immediately above 
the cotyledons or seed leaves becomes much swollen and bears 
large scars, the marks of the junctions of earlier leaves with the stem. 

In the comparatively dry eastern counties the cultivation of 
swedes is particularly difficult owing to their liability to mildew 
if sown early and to attacks of turnip fly if drilled later in the season . 
In these circumstances kohl rabi provides an excellent substitute, 
and, moreover, as it does not suffer severely from drought, its 
cultivation can be extended to lighter soils than those on which 
it would be possible to grow swedes at any time. 

Kohl rabi is cultivated similarly to swedes and turnips except 
that it is more commonly sown on the flat than on ridges. Early 
sowing followed by frequent horse-hoeing, both before and after 
singling, are desirable. 

The crop, which makes excellent teeaing for both cattle and 
sheep, varies from 15 to 25 tons per acre. It may be folded off, 
but it can also be lifted and stored like swedes. 

Kohl rabi is much more resistant to frost than swedes or turnips 
and, if necessary, can be left without lifting much longer than 
those crops : its keeping qualities are remarkably good. 

Markow-stem Kale is a comparatively new crop produced by 
crossing kohl rabi and thousand -headed kale. In this plant the 
stem is swollen as in kohl rabi, but it is elongated instead of 
spherical, thus producing a form intermediate between kohl rabi 
and thou sand -headed kale. 

Marrow-stem kale is capable of producing very large quantities 
of greenstuff, which is relished by stock. It will thrive on a wide 
range of soils, the two main requirements for successful cultivation 
being a sufficiency of lime and freedom from water- logging. Its 
principal utility is as a green food for cows in August. 

The cultivations for the crop are the same as those adopted 
for swedes and turnips : the seed may be drilled and the plants 
thimied and sometimes singled. Alternatively, plants may be 
raised in a prepared seed-bed and transplanted when ready. If 
drilled, this should be done as early as possible so as to minimize 
the risk of damage by the turnip fly. The average yield of marrow- 
stem kale is 25 to 30 tons per acre, which in actual total feeding 
value is much in excess of that of an average crop of swedes, whilst 
the cost of production is comparatively low^ The crop effectively 
checks the growth of weeds. 
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Cabbage (Brassica oleracea capitata). — In the cabbage proper 
the main stem of the plant is much shortened and the smooth, 
glaucous leaves are closely folded over each other, thus producing 
a well-compacted, hard head. In shape, size, colour and hardi- 
ness the group furnishes examples of wide differences. Thus, there 
is the small ox-heart cabbage, the rounder ball-head and the 
drum-head ; the first, and to a large extent the second, by reason 
of their more tender and better flavoured leaves, are used mainly 
for culinary purposes, whilst the drum -heads provide a valuabfe 
green food for stock. 

In colour cabbages vary from green of various shades to red 
or purple and in hardiness from some forms which can be grown in 
summer only to those, like Savoy, which are capable of withstanding 
fairly severe winter conditions. 

Recently a tendency to cultivate early cabbages has developed 
in the neighbourhood of towns. For this purpose seeds are sown 
in prepared beds in August and the young plants are transplanted 
in October. Unless the winter happens to be unusually severe, 
the crop is ready for marketing in May and early June at a time 
when, owing to the general scarcity of fresh vegetables, the prices 
obtained are usually remunerative. 

For farm stock, however, the drum -head is the form cultivated 
and in this case seed is sown in spring and the plants transplanted 
into land which has been manured and cultivated, in early summer. 
The crop is then utilized as it becomes available, mainly for milch 
cows and sheep. Cabbages are said to increase the flow of milk which 
is not so liable to be tainted as it is w hen turnips and swedes are fed. 

Cabbages, in common with other crops in this group, require 
liberal manuring to produce the best results. They respond to 
farmyard manure, and when this is available it may be applied to 
them in large quantities. Failing this a mixture of artificial 
fertilizers composed of : — 

1^-3 cwt. of sulphate ol ammonia, 

3 5 cwt. of superphosphate, and 

1 cwt . of muriate of potash per acre 

may be used. The whole of the sulphate of ammonia may be 
included with the other tw o fertilizers in the mixture, which should 
be applied before transplanting is done, or a portion retained until 
the plants have begun to grow and then sprinkled in the rows, 
care being exercised to avoid the niamire coming into direct con- 
tact with the plants. 

Mustard. — There are two species of mustard cultivated in 
England, namely Brown or Black Mustard (Brassica nigra or 
Sinapis nigra) and White Mustard (Brassica alba or Sinapis 
alba). Both are annuals and in many respects are nearly related 
botanically to the cabbage, swede ond turnip. All of the latter 
may be distinguished, however, by their sepals, which are perfectly 
erect when the flower is open, whereas in the mustards they are 
widely spreading. 
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Black Mustard is mainly cultivated for its seed, which contains 
as much as 22 per cent, of oil and can be extracted under pressure. 
The seed is also grown for utilization in the manufacture of the 
table condiment. 

The plant grows to a height of from 2 to 4 ft. ; the stem is much 
branched and covered with stiff hairs ; the lower leaves are light- 
green, large, lyrate and rough, but the upper leaves tend to become 
more lanceolate and smoother. The inflorescence is a raceme with 
pale -yellow flowers and short smooth fruits with a small slender 
beak. The fruits, which are very slightly constricted above and 
below each seed, are closely adpressed to the stem. 

The seeds are somewhat oval and brownish-red in colour : both 
black and white mustard seeds are at least twice the weight of 
turnip, cabbage and swede seeds. 

Black mustard requires good, deep, fertile soil, and is for this 
reason usually grown on the deep alluvial soils of Lincolnshire, 
Cambridgeshire, and Homtingdonshire. 

It is frequently taken after potatoes, whi^'h are generally 
manured liberally in those localities, but it may follow a corn crop. 
In such cases a dressing of farmyard manure is necessary ; or 
failing this, 3 to 4 cwt. of superphosphate is often applied. 

The crop is sown in February, vor more commonly in March, and 
is ready for harvesting in August. Drilling is done in 15 — 18 in. 
rowset the rate of 4 — 5 lbs. of seed per acre and the plants are 
thiqned out if necessary by running a horse -hoe across the drills. 
It is usually cut by hand and the exact time of cutting requires 
to be carefully judged so as to avoid shrivelled unripe seed on the 
one hand or the shedding of over-ripe seed on the other. 

Special care is necessary to avoid loss of seed by shattering 
during harvesting operations and threshing, which is performed by 
the ordinary steam tackle. The yield of seed varies from about 
10 cwt. to 20 cwt. per acre, but the latter figure is obtained only 
under the most favourable conditions. 

White Mustard is grown largely as a sheep feed or for green 
manuring ; it is a taller and somewhat stronger growing plant than 
black mustard. The inflorescence and flowers of the two are very 
similar, but the fruits of white mustard are short and rough with 
a decided, dagger-shaped beak, and thus differ materially from 
those of the sister species. The seeds are whitish -ye How in colour 
and larger than those of black mustard. 

White mustard is a quick growing ci'op and may be sown later 
than black mustard in consequence ; it does not shed its seed 
quite so readily as that sort and may thus be cut with a self-binder. 
It is also claimed to be loss susceptible than black mustard to 
damage by the mustard beetle. 

Leguminous Crops.- -A very important series of agricultural 
plants are those included in the order Leguminosee, the flowers of 
which are described as “ papilionaceous ” on account of their 
supposed resemblance to a butterfly. With few exceptions, the 
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fruit of these plants is a pod or legume. In some cases such as the 
bean, pea and lentils, which are termed “ pulse crops,” the plant is 
cultivated mainly for the seed, although the haulm or straw is 
capable of being used as fodder, but the greater number of plants 
are utilized for the production of fodder only. 

The clover and pulse crops are particularly valuable products 
since the leaves in the first and the seeds in the latter case are 
rich in protein. Beans, for instance, contain double the quantity 
of protein found in wheat and oats and almost three times the 
quantity found in barley. This in itself would constitute no 
particular merit if the protein resulted from the liberal use of 
nitrogenous manures in some form. The important feature of 
the crops is rather their ability to make use of the free nitrogen 
of the air through the medium of certain bacteria which exist on 
the roots of most Leguminous plants. The centi:e8 of operation 
of these bacteria are the nodular swellings distributed in an 
irregular manner over the root, which are in fact the result of a 
rapid proliferation of the tissues of the root and represent an 
attempt on the part of the plant to resist the progress of the bacteria. 
Having arrived at this stage both parties to this curious action 
appear to benefit — one to the extent of obtaining nitrogen in some 
form from the bacteria, the other by securing the carbohydrates 
they require for their life processes from the plant. 

Clovers. — Clovers are essentially fodder plants and belong to 
the genus Trifolium, so named in allusion to the leaves, which are 
made up of three separate leaflets. In this genus the inflorescence 
is borne on peduncles or flower-stalks, which vary in length in the 
different species. Each individual flower of the flower head or 
inflorescence arises on a short stalk or pedicel. 

The most important clovers found in general cultivation in 
the British Isles are : — 


Botanical Name, 
Trifolium pratense 
Trijoliurn hybridum 
Trijolium reopens 
Trif olium i ncarnatum 
Trijolium minus 


Common Name. 
Rad clover 
Alsike clover 
White or Dutch clover 
Crimson clover 
Yellow Suckling clover 


Colour of flower-head 
Red or purple 
Pink and white 
White 
Crimson 
Yellow 


Red Clover. — Of the genus Trifofium this is one of the most 
important species, at least in alternate husbandry. The plant 
may be from a few inches to two or more feet high and the stems, 
which arise from the crown of the plant, may be few or numerous 
approximately circular in section, hollow or more or less filled 
with pith, and terminating in an inflorescence. The leaves are 
trifoliate and each leaflet arises directly from the top of the leaf- 
stalk (petiole) which is very short and appears at times to be almost 
entirely absent, in marked contrast to the longer petioles found in 
white clover, and more especially in alsike. The leaves are stipulate 
and the stipules are membranous with strongly developed greenish- 
purple veins. The leaves are usually covered with hairs (pubescent) 
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along their edges and on their upper and lower surfaces, and almost 
invariably bear a white marking on the upper surface. 

The inflorescence is a spherical or ovoid head composed of a 
large number of single papilionaceous flowers of a red to slightly 
purple colour. The fruit is a single -seeded capsule (pyxichum) 
which opens by an irregular transverse fracture separating the 
upper from the lower portion. 

Red clover is largely insect-fertilized (bee) and the quantity of 
seed obtained in any season depends, therefore, amongst other 
conditions, on the weather at flowering time. 

The seed, which is the largest of the cultivated clovers, is of a 
yellow colour shading to purple, the density of which varies with the 
degree of ripeness of the seed. The plant develops a strong tap- 
root capable of penetrating to considerable depths. 

The history of the origin of red clover, as of so many of the 
agricultural crops, is obscure, but there are good reasons for thinking 
that it is not a native of the British Isles. It was the subject of 
considerable notice in the agricultural literature of the 16th century, 
especially on the Continent, and there is a strong probability that 
it was introduced into England from there by Sir Richard Weston, 
or reached here as a result of his strong advocacy. Its value for 
stock feeding and as a preparation for wheat, soon became recog- 
nized, and it has suffered no diminution of popularity with the 
progress of time. 

It is almost certain that the original stocks contained a large 
number of strains and the crop as now grown is remarkable for 
a large nuniber of localized sorts. These differ not so much 
botanically as in features which are usually regarded as physiological, 
such as persistence, adaptability to conditions of varying degrees 
of soil fertility, resistance to dise^e, rapidity and luxuriance of 
early growth, and persistence of growth into the autumn. These 
characteristics, it will be noted, largely determine agricultural 
values. 

Within the last ten years a good deal of attention has been 
devoted to red clover by the workers at the Welsh Plant Breeding 
Station and as a result of their investigations the agricultural 
values of the various strains can now be more accurately assessed 
than was formerly the case. 

For present purposes the various strains in general cultivation 
may be arranged in three main groups 

Wild Red Clover (Trifolium pratensc spontancum). 
Early-flowering Red Clover (Trifoliurn pratense prcecox). 
Late-flowering Red Clover (Trifolium pratense serotinum). 

Wild red clover is a perennial plant found naturally in old 
pastures and is readily distinguished from forms utilized in alternate 
husbandry by the following features : the stems are few in number 
and usuall}' more or less prostrate, small, slender and frequently 
solid, while the leaves are small and dark -green and not very 
numerous. 
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The differences between the early-flowering and late-flowering 
sorts are almost as remarkable as those between them and the wild 
red. Thus the early-flowering are almost erect in habit of growth, 
but with shorter, fewer and more hollow stems, but larger leaves. 
They are truly biennial in character and grow rapidly both in the 
.seeding year and after cutting, they also grow well into the autumn. 
None of the various strains, of which the following are the best 
known, is immune to clover sickness : English Broad Red, Vale of 
Clwyd, Canadian, New Zealand, American, French. 

The late-flowering sorts are more spreading in habit of growth, 
they tiller more abundantly, and the stems are longer, more slender 
and weaker. As a group they are more productive in exposed 
positions and on less fertile soils. They are not strictly perennials, 
although they may remain in active growth for four or five years 
or occasionally longer. They exhibit a very slow growth in the 
early portion of the year and the first year’s produce is somewhat 
limited. In subsequent years, however, they produce abundant 
crops of hay of excellent quality. Their aftermath production, 
on the other hand, is meagre unless the hay is cut early. Although 
not immune to clover sickness, the late- flowering sorts are less 
susceptible than those found in the early- flowering group. 

The chief strains are : — English Late, Montgomery, Cornish 
Marl, Swedish Late, American Mammoth, Norwegian, Danish, 
Altaswede. 

The uses to which the various sorts may be put is clearly 
indicated by the characteristics outlined above : thus, wild red 
clover is definitely a meadow or pasture plant ; early-flowering 
clovers are pre-eminently suitable for use in one-year or at the 
most two-year leys, but should never be sown on clover-sick land ; 
the late-flowering forms can be relied upon to last three years at 
least, they are less susceptible to diseases and may be relied upon 
to succeed in more exposed positions and generally in less fertile 
soils. 

As a general rule clovers obtained from northern regions are 
more reliable and more productive than those obtained from 
farther south, and under conditions in this country crops raised 
from local strains have proved superior to those obtained from 
imported seed. 

White Clover (Trifolium repens). Although, as has just been 
shown, there are forms of red clover in existence which, -by reason 
of their persistence are useful constituents of permanent mixtures, 
there is no clover with such unmistakable features of a pasture 
plant as white clover. 

Compared with all the clovers, excepting perhaps yellow 
suckling, white clover is small in every feature. The numerous 
stems arising from the crown of the plant are fine, usually solid, 
with short internodes and a distinctly procumbent habit ; the 
leaves and flowers arise on fairly long stalks from the nodes 
from which points adventitious roots al^ arise. These penetrate 
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into the soil, thereby securing the stems in position and at the 
same time performing the other usual functions of roots. 

Owing to the horizontal manner of growth of the stems, it 
naturally follows that the leaves and flower -stalks grow more or 
less at right angles to them, and it is consequently only these 
portions of the plant that are eaten by stock or secured on 
cutting. 

The leaves are small and usually hairless and frequently bear 
a white marking ; the flower stalks are long and the flower heads 
usually white or pinkish- white, but occasionally a creamy yellow. 
The fruit is a legume or pod containing one, two or three small, 
yellow or slightly terra-cotta coloured seeds. 

As in the case of red clover, there are, however, amongst the 
plants which constitute white clover and wild white clover as 
commonly known and grown, a number of forms dift’ering from one 
another in such features as the size of the plant and its constituent 
parts — stems, leaves, flowers and seed, in their rate of growth 
and extent to which they spread, and more economically important 
still, in their degree of permanence. 

A form of very wide distribution is Dutch or as it was once 
widely known, honeysuckle clover. It is highly probable that whiter 
clover, like red clover, found its way into England from the Low^ 
Countries, and the retention of the name of the supposed country 
of origin affords some justification for this view^ 

Within recent years considerable attention has been devoted 
to a form known as wild white clover, which exhibits a higher 
degree of permanence, a more prostrate and more widely spreading 
habit of growdh than the ordinary white or Dutch clover. 

Wild white clover is found as a constituent of old permanent 
pastures from which a large portion of the seed used in this country 
is still supplied. It is altogether a smaller plant than the Dutch 
white clover, but in its permanence, rapid growth, ability to with- 
stand close grazing by stock, and its drought resisting capabilities, 
it possesses attributes of high economic value. The flowers of 
wild white clover may be white, cream, pale yellow or slightly 
pink in colour, whilst the seeds are smaller and more rounded in 
outline than the ordinary Dutch white with a less distinct groove 
between the radicle and cotyledons. 

As wild white clover is a distinctly perennial herbage plant 
it has very largely replaced the ordinary white clover as a con- 
stituent of permanent grass mixtures. The latter may be depended 
upon to last from four to five years, and thus because of its somewhat 
more abundant growth it forms an important constituent of seeds 
mixtures for short leys. Although all forms of white clover possess 
a fairly well-developed tap root, they depend largely on the rootlets 
arising from prostrate, creeping stems to secure their maximum 
vegetative development. They are in fact largely surface feeders 
and it is less the character of the soil than the rainfall or general 
humidity of the air that determines the extent of their development. 
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Thus, although wild white clover will succeed on heavy, clay soil 
because the supply of moisture is usually adequate on account of 
the slow percolation of rain-water, it will also grow well on light, 
sandy soil, provided there is an adequate supply of moisture to 
maintain the adventitious roots in full activity. All forms of white 
clover, however, demand an alkaline condition of soil. 

As white clover is usually only one constituent of a seeds mixture, 
the question of the system of manuring best suited to it must be 
viewed from more than one standpoint. Thus, nitrogenous manures 
are not harmful in themselves, but in so far as they encourage the 
taUer-growing species of grasses and so restrict the development 
of the clover they are, at least, not advantageous. Moreover, so 
far as the clover itself is concerned, nitrogenous manuring is almost 
entirely unnecessary. To phosphatic manures white clover exhibits 
a quick and in many cases a striking response. As already men- 
tioned, clover demands alkaline soil conditions, and for this reason 
basic slag has produced extraordinarily good results, for it contains 
a readily soluble form of phosphate together with a large proportion 
of active lime. Superphosphate is also effective and raw mineral 
phosphates may also be used with good results if they are finely 
ground. As a general rule the appUcation of potash manures on 
heavy soils is unnecessary, but on lighter soils they frequently 
produce remunerative results. 

Owing to its high feeding value white clover has been used 
extensively for improving poor pastures ; its ability to make a 
thick, close “ bottom,” thereby minimizing the spread of weecL 
and preventing undue evaporation of moisture, and by so doing 
encouraging the growth of grasses, has proved extremely valuable 
and has certainly enabled a larger head of stock to be fed on the 
land than was previously possible. 

Alsike Clover (Trifolium hybridum) is an upright-growing 
plant, but much less robust than red clover. The leaves are 
hairless and borne on fairly long stalks ; in shape they approximate 
to those of white clover, but unlike both red and white clover, they 
are devoid of any trace of markings on the leaf. 

The flower head (inflorescence) is borne on a fairly long stalk ; 
the individual flowers are pinkish-white and the seeds, which are 
light to dark-green in colour, are only about half the size of red 
clover, but about half as large again as those of white clover. 

Alsike has a relatively short period of growth and for this 
reason, combined with its upright habit of growth, it is more 
suitable for hay than for pasturing. It is less susceptible to clover 
sickness than red clover and thus possesses special value on land 
subject to that disease. Although no more persistent than red 
clover, it appears to be better suited to heavy clay soil and to 
peaty land. 

Yellow Suckling Clover (Trifolium minus) is a small, low- 
growing, annual plant that maintains a perennial appearance by 
the facility with which it seeds itself. It has a very limited use 
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except as a component of mixtures for poor, thin soils devoted to 
sheep grazing. 

Crimson Clover (Trifolium incarnatum) is an erect, tall 
growing, annual clover whose cultivation is confined to the south 
and south-east of England. The leaves are heavily felted ^vith 
fairly long, fine hairs which give the plants an almost white 
appearance when seen in bulk. The inflorescence is elongated 
and the individual flowers are a striking crimson. There is, how- 
ever, a white-flowered variety, and of the crimson form there is 
an early and late variety. 

Crimson clover is usually sown in the autumn on com stubbles 
which have been lightly cultivated, and is fed off by sheep in the 
early summer of the following year. 

Lucerne (Medicago saliva), known as Alfalfa in some countries, 
is an important leguminous forage plant. It possesses a strongly - 
developed tap root capable of penetrating into the soil to considerable 
distances and is consequently able to sustain continued growth in 
periods of deficient rainfall. 

For some time in the early stages of development of the plant 
growth is confined to the elongation of the main stem, but later 
secondary branches arise from the axils of the cotyledons and from 
the lower internodes, and the plant gradually assumes a much more 
bushy appearance. This becomes more pronounced after two or 
three years growth, when numerous entirely new stems arise from 
the stout root stock. 

The stem of lucerne is green, erect and succulent ; the leaves 
are trifoliate : each leaflet is dentate, with a notched tip and the 
mid-rib projecting into a small point. The middle leaflet is borne 
on a short petiole. The inflorescence is axillary and racemose 
and the flowers are usually purple. The fruit is a spirally-coiled 
dehiscent legume containing several greenish -yellow kidney -shaped 
seeds. 

In some respects lucerne is an exacting crop, for although it 
will thrive on a fairly wide range of soils, one essential of them 
all is the presence of sufficient lime to render them alkaline. 
Again, the soil must be adequately drained, for the slightest water- 
logging is inimical to the plant. Usually lucerne succeeds best 
on soils in good heart. 

Although lucerne is a most nutritious forage crop, the acreage 
devoted to it is relatively small and very localized. Thus, more 
than half the total acreage is found in Essex and a very small 
acreage in the western counties, a strong indication that the plant 
is not responsive to heavy rainfall. 

Lucerne does not attain full development until two or three 
seasons after sowing, and as early growih is often meagre, there 
is a danger of weeds establishing themselves during this period 
and thereby seriously impeding the further development of the 
crop. For this reason the seed is often drilled in rows and the plants 
inter-cultivated so as to check weed growth. 
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One reason for the slow development of the cultivation of 
lucerne is the difficulty experienced in obtaining a good “ strike,” 
but the introduction of a simple method of inoculating the seed 
with the bacteria usually found in the root nodules of well -grown 
plants, has very materially improved matters. The cost of inocu- 
lation is very small : consequently no one proposing to grow 
lucerne should take the risk of even partial failure with its attendant 
condition of foul land. 

Lucerne is utilized in several ways : it may be cut and fed 
green, as a soiling crop or it may be made into ensilage. It also 
makes excellent hay, provided too much leafage is not lost in the 
process, and as three cuts are frequently obtained from a well- 
established crop, it is not unusual to secure two hay crops in a 
season. 

When once established, lucerne may be severely cultivated 
without sustaining injury : indeed repeated cultivations frequently 
benefit the crop in addition to assisting in keej)ing the land clean. 

The seed of lucerne is obtained to a somewhat limited extent 
from English-grown crops, but the greater part of the seed used 
in this country is obtained from foreign sources. The most common 
strains are Provence, Hungarian and Grimm. Some tests con- 
ducted by the National Institute of Agricultural Botany at Long 
Sutton, Hampshire, in 1925 — 30 indicated the superiority of 
Hungarian seed with Provence seed second best and Grimm and 
English seed approximately equal at third place. English seed 
is usually regarded as superior for British conditions, but the 
small quantities grovii make it expensive and it is not infrequent! \ 
low in germination. Such, indeed, was the case in the particular 
tests alluded to; but despite this the total yield obtained from 
the English seed during a period of six seasons was 92 per cent, 
of the control Provence. 

After a successful crop of lucerne the soil is enriched to such 
an extent by the decay of the stems and roots that corn crops, if 
sown immediately afterwards, invariably lodge badly. For this 
reason it is customary to follow lucerne with a root crop, frequently 
potatoes. 

Trefoil {Medicago lupulina), known also as Black Medick. 
Yellow Trefoil. Hop Trefoil, is an amiual or at times a biennial, 
found in abundance on chalk and other soils containing an abun- 
dance of lime. The root, which does not produce many secondary 
branches, penetrates the soil to a depth of about a foot. The 
stem branches, which may be from a few inches to about two fee> 
in length, arise from the crown of the root ; they are slight ly angular 
and covered with very short hairs. For a short portion of its 
length the stem lies horizontally and then rises into the air and 
becomes somewhat branching. 

The leaves are small, trifoliate, and in each leaflet the mid-rib 
projects beyond the margin of the leaf into a small point ; the 
middle leaflet is borne on a short petiole. 
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The inflorescence is carried on a somewhat short, axillary 
peduncle and the flowers which are massed closely together in 
a head, are small, papilionaceous and bright yellow. The fruit 
is a small, black, indehiscent pod curved on itself and contains 
a single greenish-yellow seed compressed laterally and so resembling 
a broad bean in shape. 

The inflorescences of trefoil and yellow clover are sometimes 
confused, but the persistance of the calyx of the latter is a ready 
means of differentiation. 

Although trefoil does not contribute greatly to the bulk of 
material obtained in seeds mixtures, it is nevertheless frequently 
included in small quantities in pasture mixtures intended for 
calcareous soils, for it produces an early and nutritious “ bite ” 
for sheep. It also seeds itself readily and consequently almost 
functions as a perennial. 

Trefoil is unsuitable for hay mixtures and will not grow on 
soils deficient in lime ; it is claimed that it withstands cold weather 
better than red clover. 

Sainfoin (Onobrychis saliva), another legumiiKais })lant, occu- 
pies an important position both as a liay and a pasture crop, 
more particularly in the eastern and southern counties of England. 
From the fact of its localization in these parts, sainfoin is (commonly 
but erroneously regarded as a plant suited to the shallow, dry 
soils of the chalk and limestone formations only. It can, however, 
be grown successfully on a wider range of soils, juovided they 
are well supplied with lime, adequately drained, and possess a 
low' water-table. Under these conditions the crop can be utilized 
as far north as the Humber and as far west as the Severn. 

The stem of sainfoin is strong, erect, and succulent, solid 
in the upper portion and becoming more or less hollow^ towards the 
base. In early growth th(Te is only one stem, but this is sup- 
plenuiiited in a very short time by a succession of additional stcuns 
arising in a more or kjss regular manner from the crown of the 
plant. Jlie leave* are piimate and the leaf stalk tcrminatf*s in 
a leallet . The flowers are a bright rose, arranged in a raetunost^ 
inflorescence, and when in full bloom are a striking feature of the 
crop. 

rhe root is long and strongly developed and capable of pene- 
trating to considerable depths in suitable soils, and is consispauit ly 
al)le to maintam uiunterrupted growth through ('xt ended periods 
of drought. 

The {lods or true fruits are broad and flatti.sli, straigiit along 
one edge and (uirved along the other, whicb bears a few sti-ongly 
developed teeth, and thus give the fruit a cockscomb a,p])earan(*e. 
The surfaces of the two sides of the pod, or, as it is vrv\ giuiei-allv 
known, the cosli,” are raised in a eoars( network winch sonu^tiuucs 
bears a number of thie teeth ; the pod contains one light to dark- 
browTi, kidney -shaped seed which is six or s(w en times the widght 
of a lucerne seed. 
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Sainfoin is essentially a forage plant and may be included 
in “ seeds ” mixtures with red and crimson clover, but it is most 
successful and consequently most commonly grown as a pure crop. 
When sainfoin is sown with a cereal, barley is usually the “ nurse 
crop ” on light land, and wheat on heavy land. In the former 
case, and especially in dry districts, it is usual to drill the sainfoin 
at the same time as the barley, but at right angles to the rows of 
that crop. As with the other smaller seeded leguminous crops 
a firm seed-bed and a fine tilth are essential. 

Sainfoin, like lucerne, makes hay of high feeding value, but it 
j)osse88es the additional value of furnishing excellent pasturage 
for all classes of live stock, and this, owing to its drought-resisting 
capabilities, frequently at a time when ordinary pastures are in 
a low state of production. 

There are two commercial varieties in general use : the common 
sainfoin, and the g»ant or double cut sainfoin, which are similar 
in appearance. The giant sainfoin, however, is best suited to 
light soils, where it is grown for one or two years, but more often 
for one year only. In this case the first cut is usually made into 
hay and the second either saved for seed or folded with sheep. 

Common sainfoin is a more permanent form than giant sainfoin 
and is better suited to medium rather than really light soils. If 
the serious invasion of weeds can be prevented, common sainfoin 
may be left do^^m for five to seven years, or even longer. 

From giant sainfoin the average yield of hay is about 30 c ./t. 
per acre, whilst after the second year yields of double that amount 
may be obtained from common sainfoin. 

Vetch. — Plants of the forms of the vetch most commonly 
grown in the British Isles are characterized by fine, square, trailing 
stems; frequently six or more feet in length ; the leaves are pimiate 
with numerous obovate leaflets, and the leaf stalk usually termi- 
nates in a simple or branched tendril. The flowers arise either 
singly or in pairs on short stalks, or as racemes, in the axils of the 
leaves ; the colour of the flowers is blue or purple ; white, yellow^ 
and scarlet flowers occur in the less commonly grown forms. 

The vetch is widely spread in temperate climates and some 
authorities have described tw^elve species, but only three are met 
with commonly in the British Isles : — 

The Common Vetch ( Vicia saliva). 

The Tufted Vetch ( Vicia Cracca). 

The Hairy Vetch ( Vicia villosa). 

Of these the tufted vetch (Vicia Cracca) is a perennial, while 
the other two are annuals or, occasionally, biennials. 

Agriculturally, apart from the production of seed, vetches are 
used as an ingredient of forage and silage mixtures, for folding, 
or for making into hay and have little or no use as pasture plants. 
In all these cases oats, beans or wheat, but most generally the 
tw’o former, are included with the vetches, as their stronger and 
more erect stems furnish a support to which the weaker trailing 
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vetch plants may attach themselves. It is thus largely on differ- 
ences in tlie ability to withstand cold and other \vinter conditions, 
on the quantity of green material produced, and on the length of 
time occupied in attaining full vegetative development that the 
annual species are compared. 

In the British Isles the best known and most widely-used form 
is the common vetch (Vtcta saliva), of which there are spring and 
Avinter sorts, which although similar botanically differ in their 
ability to survive the winter. Both these sorts are distinguished 
readily from other species by their flowers which are reddish-purple, 
and occur singly or in pairs on short stalks arising in the axils of 
the leaves. 

Goar vetch, or summer vetch, which is grown extensively in 
some districts, resembkis the common vetch in its flower characters, 
but it is a stronger growing plant with larger leaves, stems, and 
pods than that sort. The Goar is apparently as hardy as the 
common vetch, but arrives at full growth somewhat earlier. By 
sowing portions of the land devoted to vetches with the common 
vetch and the remainder with Goar, the period of gathering a 
silage crop may thus be extended without incurring loss in the 
nutritive value of the silage due to over ripening and the attendant 
develo])ment of fibre. 

The seed of Goar vetch is dark browii to a leaden colour with 
undermarkings of black ; in its flattened shape it resembles the 
common vetch, but it is considerably larger, almost approximating 
to the size of a small pea. 

The hair}' vetch {Vida villosa) is a longer, finer and more 
hairy plant than the common vetch ; the inflorescence is racemose 
and the fi owners are numerous and a deep blue colour. It is 
claimed tliat this vetch is hardier than the common vetch, but 
the leaves are smaller, and for silage requirements it does nut 
appear to possess any marked advantage. The seeds are almost 
spherical and much smaller than the common vetch, and dark 
velvety blue or almost black in colour. 

Vetches do not exhibit a strong partiality to any particular 
class of soil ; they may be grown on stiff clays, if adequately 
drained, and equally well on sandy soils, provided the supply of 
moisture is sufficient. Like most leguminous crops, however, 
they demand a plentiful suppl}" of lime in the soil. In their ability 
to thrive on poor soils they furnish the occupier of that class of 
land with a valuable means of increasing the stock -carrying capacity 
of his farm. 

Utilization of Vetches.— Vetches may be utilized in several 
ways ; they may form a constituent of silage mixtures or be 
grown for foldhig and soiling, or they may l)e made into vetch hay ; 
lastly, they may be cultivated for seed production. 

They do not occupy a regular position in the crop rotation, 
but as a pure crop it is a widely followed practice to sow them 
after a cereal. In this case the land is sometimes ploughed and the 
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8©6d then drillod a»t the rate of 2^ bushels (approximately 11 J 
stones) per acre from September onwards. Provided they are 
sufficiently well covered to prevent depredation by birds, it is 
inadvisable to bury the seed too deeply ; about one inch is the 
ideal depth. As with all crops intended for hay, the most suitable 
time for cutting is whilst the plant is flowering and before it has 
started to set seed. 

When grown for soiling, silage or folding, it is customary to 
include oats, rye or beans with the vetches as these plants provide 
a support for the trailing vetches, and by so doing obviate the waste 
which is liable to occur, particularly in wet weather, by the plants 
lying on the surface of the soil. Winter oats should be used with 
winter vetches, and a mixture of bushels of oats with 1^ bushels 
of vetches is a useful seeding. 

In some cases vetches are sown on stubbles which are merely 
cultivated and harrowed until a sufficient tilth is secured, and the 
land harrowed again to cover the seed, a practice that can only 
be recommended when the stubbles are reasonably clean. 

In addition to the several means of utilization described above, 
in districts possessing a suitable climate vetches are made into 
hay, but they require a long period of dry weather' to cure the 
succulent stems and may suffer considerable damage if subjected 
to heavy rain. When intended for hay the crop should be cut 
when still in flower, for concomitantly with the development of the 
seed the stem becomes more fibrous, and consequently less valuable 
for feeding. The yield of hay varies from — 3 tons per acre. 

When grown for seed production, vetches are sometimes sown 
as a pure crop, but a more satisfactory method is to include a 
small quantity of beans as a * support for the vetches, and thus 
obviate wastage. The bean seeds may be readily separated from 
the vetch seed by riddling after thrashing. The yield of seed may 
be as much as 30 bushels, but is subject to wide variations and 
an average figure is nearer 20 bushels per acre. 

Manuking. — When the crop is grown for seed, nitrogenous 
manures should be used sparingly, if at all, for they over -stimulate 
the production of haulm. The same objection does not apply in 
the case of crops intended for soiling or for silage. Nevertheless, 
the necessity for the application of nitrogenous fertilizers does not 
exist with this, in common with other leguminous crops, to the 
same extent as it does with crops which are unable to utilize the 
free nitrogen of the air. 

On heavy soils phosphatic manures such as basic slag at the 
rate of 3 — 6 cwt. per acre, and superphosphate at the rate of 
2 — 4 cwt. per acre, frequently prove beneficial, and in some cases, 
particularly on lighter soils, these may be supplemented with 
potassic fertilizers such as muriate of potash, 1 cwt. per acre or 
kainit, 3 cwt. per acre. 

A further important group of agricultural plants belonging to 
the LeguminossB are the peas and beans, commonly described as 
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pulse crops. In the pulse crops, although the stem of the plants 
may be utilized as fodder, the primarily important portion of the 
plant is the seed, which by reason of its high protein content 
forms a valuable food for stock. 

Beans. — The bean plant is distinguished from the clovers, 
vetches and peas principally by its square, upright, hollow stem, 
which varies with the variety from a few inches to several feet 
in length. The leaves are pinnate, and usually consist of two, 
four or six leaflets, but the petiole or stalk of the leaf instead of 
terminating in a tendril, as in vetches and peas, ends in a short, 
very much reduced leaflet. The flowers arise as short racemes 
in the axils of the leaves. 

Up to the time of ripening the pods are soft and green, with 
a soft, woolly lining. On ripening they dry up considerably, 
become black and much tougher, the soft lining disappears, and if 
left until completely dry the pods eventually split along both the 
upper and the lower lines of division, and the seeds are ejected 
violently. 

The bean is characterized by a strcmgly developed tap-root 
which is capable of penetrating to considerable depths and 
eventually when ploughed in of adding large amounts of organic 
matter to the soil. 

In addition to the varieties commonly designated field ” 
beans, there are many varieties- eultivab^d as vegetables for human 
consumption. Idiese are botanically similar to the field bean, 
but differ therefrom mainly in the great(‘r length of tlie pods and 
in the shape of the seeds, which are broader and flatter. Many 
of tlie garden kinds are described by some (pialification such as 
Longpod ” or “ Broad ” Windsor, terms descriptive of the pods 
and seeds. 

Of the beans us(Ki in fkdd culture, tlu^re are a great many sorts, 
and winter and syiring liabits are a useful initial na ans of difhu'cntia- 
tion. Wint(^r btauis, as a whole, exhibit as a first requisit(* a c(utain 
d(^gr(‘(‘ of wint('r-hardin(‘ss, ajid when sown under comj>arabk^ 
conditions do not disj)lay the same rate of stem gT'owth as the 
■sprijig forms. Again, the winter forms develoj) more secondary 
stems and usually produce (*roj)s with a fulh'r growth than spring 
sorts aiid are better al)le consequently to minimize tla^ activity of 
weeds. 

The spring forms exhibit a gn^ater distance betvve( n the points 
of origin of the leavers on the stem, and altliough usually sown 
S('veral weeks after t]u‘ winter sorts, they conK‘ into flower at 
approximately the same time. 

Amongst b(;th winter and sj)ring sorts th<T(: is wide variation 
m the size, shayjc, and colour of the seeds, but they are all smaller, 
h‘ss broad and more rounded in section tlian the culinary varieties. 
The diflerent sorts are found under such names as Bnglisli horse 
bean, Scotch horse bean, and others, agaiii, are described by the 
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name of the locality from which they were obtained. Despite this 
attempt at differentiation, the average crop, irrespective of name 
and origin, consists of a large number of different forms. By selection 
and individual culture these may be maintained reasonably pure 
for some time, hut there is always some cross -pollination by bees 
and through other agencies, which operates against varietal 
purity. 

Amongst the spring forms the tick bean at least deserves son«e 
notice. This is a sort characterized by small, distinctly rounded 
seed, which in some years is almost circular in section. It is grown 
extensively in the east of England where it succeeds wonderfully 
well on light soil and under conditions of low rainfall. A still 
smaller variety of the same shape is the pigeon bean, which, as its 
name denotes, is sufficiently small to be utilized whole for feeding 
to pigeons. 

Beans are regarded generally as a heavy land crop, but the 
adequate and sustained supply of moisture during the growth of 
the plant, rather than the character of the soil, is the determining 
condition, and good crops are frequently obtained on what are 
characteristically light soils. 

The most destructive insect pest of the bean, and indeed the 
factor limiting its more extensive cultivation, is the Black Fly 
{Aphis rumicis), which usually makes its earliest appearance 
towards the end of May and the beginning of June. 

The object of the bean grower should De the maintenance of 
uninterrupted growth in the spring whereby the plant reaches a 
state of development by May which ]>reclu(ies serious damage by 
the aphis. In the event of a severe attack of the fly a stunted 
(?arly growth may result in the complete destruction of a crop, 
whilst under an attack of equal initial severity something may be 
saved when the plant is sufficiently advanced in growth to sustam 
such j>ods as do manage to set seed. These conditions of growth 
are ])robably secured with the greatest degree of certainty from 
season to season, on heavy land, but due attention to such treatment 
of tlu‘ land as will increase its moisture -holding capacity, as, for 
instaiu‘(^ green manuring, brings lighter land well within tlie 
category of bean soils. 

To grow beans well, a soil whether heavy or light, must contain 
a plentiful supply of lime. Being a leguminous plant and thus 
able to obtain supplies of nitrogen from the air, the bean does not 
respond well to applications of nitrogen whether contained in 
farmyard manure or in artificial fertilizers. Excessive supj)lies of 
nitrogen result usually in an over-growth of stem and a poor pro- 
duction of flowers. The use or otherwise of farmyard manure 
depends largely on the rainfall and on the character of the soil, for 
its moisture-retaining capacity is a very valuable property quite 
apart from its manurial value. On the other hand, the bean 
responds well to phosphatic manures, and in some cases the further 
addition of potassic manure is beneficial. 
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Cultivation. — Beans require a deep but not necessarily a very 
fine seed-bed, and unless the clods of soil are so large as to prevent 
the plants making their way to the surface, a rough surface after 
seeding provides shelter for the crop during the winter. 

The crop is frequently drilled in with an ordinary seed drill, 
but on lighter lands it is just as often ploughed in, the seed box in 
this case being attached to the plough. Whether drilled or ploughed 
a distance of 12 or more inches is allowed between the rows. This 
permits of horse -hoeing and weeding, both very necessary spring 
operations. But apart from this a good distance between the drills 
ahd between the plants in the drill is essential to prevent too great 
a vegetative development, in whick case the plants fruit sparsely. 

The effects of too close spacing are strikingly similar to those 
produced by over-manuring with nitrogenous manures or growing 
the crop on soil in which the amount of available nitrogen is too high. 

Two to 2\ bushels is the usual rate of seeding, but imless there 
are conditions demanding a high seed rate, the chances of securing 
a high yield of grain are closely related to low seeding. 

When the land is known to be too highly supplied with nitrogen 
its effect may be modified by the use of phosphatic manures. On 
soil well supplied with lime, superphosphate at the rate of 3 — 4 
cwt. per acre may be used, and on soils liable to be acid, basic slag 
at the rate of 4 — 6 cwt. 

Perhaps the most serious disease to which beans are subject 
is “ chocolate spot,” generally conceded to be a bacterial trouble. 
The damage resulting from chocolate spot assumes serious pro- 
portions in some years, plants not infrequently being defoliated 
before the bean pods are fully developed. Although potash 
manures may not increase the yield to any great extent, there are 
indications that they check chocolate spot and their use is advisable 
therefore on soils at all deficient in potash. 

Apart from the produce of the crop, beans ba^^e long been 
regarded as an excellent crop to precede wheat, and the progress 
of time has brought about no modification of what is undoubtedly 
a valuable procedure in wheat-growing districts. 

Peas. — This leguminous crop still occupies a position of 
importance in the south and south-eastern counties of England. 
Although the stem is squarish and generally hollow, as in the bean, 
it differs from that plant in its greater length, trailing habit, and 
in the possession of large, fleshy stipules, in some cases much 
larger than the leaflets themselves. The leaves are compound 
with one, two or more pairs of leaflets placed opposite to each 
other on the leaf- stalk, which is finally extended to form a series 
of tendrils, these being in reality leaves modified into thread-like 
structures capable of attaching themselves to any object they may 
touch, and acting as supports for the weak succulent stem. 

The flowers arise on stalks varying in length with the variety ; 
the stalks bear one, two or more flowers, the number again being 
a varietal characteristic. The flowers are papilionaceous and the 
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frtiits, again two-va^ved pods, contain a varying number of seeds 
As in the case of many other plants of the order, the fruits when 
fully ripe open by a violent fracture of the two halves ot the carpel, 
whicVx twist on themselves and in so doing eject the seeds to a 
considerable distance from the parent plant. 

The peas used in agriculture are distinguished from the very 
large number of culinary varieties by their usually higher degree 
of winter-hardiness, and by their flowers, which are blue to reddish 
purple. In addition, whilst garden peas are usually green, with a 
colourless skin, field peas are very frequently yellow and the skin 
coloured. 

Despite the risk attending the practice, growers in near proximity 
to good markets, sow culinary varieties such as Harrison’s Glory 
and Prussian Blue in sheltered positions in the autumn. Unless 
the winter is particularly severe such crops are ready to pick early 
in the summer when prices are sufficiently remunerative to balance 
good seasons against bad and still leave a profit. 

The value of the pea as an agricultural crop is determined by 
the yield of grain, the haulm, although possessing some feeding 
value, being of quite minor importance. The pea, like the bean, 
has a high protein content and on this basis is one of the most 
valuable of the farm crops for stock feeding. 

The varieties used for purely agricultural purposes are : — 

Early Minter or Norfolk Dun. 

Maple or Partridge 
Black-eyed Susan. 

Eights and Nines. 

Early Minter, as its name suggests, is an early -ripening sort, 
this feature being of considerable value in rendering the crop less 
liable to damage by aphis attack. The straw is of medium length 
and the grain a pure dun colour. 

Matle or Partridge is a late ripening variety with long straw. 
The grain is somewhat small, light-brown, and irregularly blotched 
with lighter coloured markings. In wet seasons this pea is inclined 
to produce too much haulm and the grain is poorly filled. On 
land that is not too clean, the haulm -producing character of this 
vari(‘ty is valuable for holding weeds in check. 

Black-eyed Susan in point of ripening occupies a position 
betwT‘en early minter and maple. The straw' is long and the grain 
large and dun-coloured with black “ eyes,” or jioints of attachment 
to the pod. 

Eights and Nines is characterized by long straw and long 
pods. The grain is , eenish in colour. The name probably arises 
from th(^ fact that the seeds are closely packed in the pod and so 
present the appearance of considerable numbers. 

Peas are v(‘ry susceptible to the effect of excessive rainfall on 
the one hand and of drought on the other. Under conditions of 
the former the haulm grows to an excessive length, the flowers 
fertilize poorly, and if sufficiently fertilized, the seeds fail to fill 
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and ripen properly, whilst under conditions of moisture deficiency 
the haulm is very short, the pods few in number and the seed small 
and indifferently filled. These weather effects influence the choice 
of soils on which the crop should be grown. Light, sandy soils, 
except in districts of normally heavy rainfall, are wholly unsuit- 
able ; heavy soils, except in districts of light rainfall, are unsuitable 
and even on these it is frequently difficult to obtain the requisite 
fine tilth. When results are judged over a series of seasons good 
loams are the most reliable soils for this crop. 

Peas, like most other leguminous crops, require an abundant 
supply of lime in the soil and even under the most favourable 
conditions carmot be grovn successfully on tlu‘ same soil at too 
frequent intervals. 

As peas obtain the greater portion of the nitrogen they require 
from the air, they do not require artificial nitrogenous manures 
in any form. Indeed, the use of nitrogenous fertilizers tends to 
the production of an excessive quantity of haulm to which poor 
seed-setting and ripening are the usual accompaniments. Phos- 
phatic and, to a lesser extent, potassic manun's aro benc^ficial. In 
the case of land that has been heavily supplied with farn)-yard 
manure a small dressing of a soluble phosphatic manure will often 
minimize what would b(‘ otherwise an undesirahl(‘ effc^ct of ('xcessiv(‘ 
nitrogen. 

The inability of the pea to succeed under conditions of liigli 
soil fertility on the one hand or of low fertility on the other largely 
determines the position of the crop in tli(‘ farm rotation. l\‘as 
usually follow a een'al crop, provid(‘d the stubbles an^ sufli(‘i(mtly 
clean. The cultural operations in this case are simple and consist 
of early ploughing of the stubbles in the autumn and a sta*ond 
[)loiighing as early in the new year as possible. On light land, 
provided it is dry, th(* seed may be drilled in January ; but on 
heavy land drilling is diderred until February or March. Drilling 
is usually done in rows 9- — 12 in. apart at the rat(^ of 21 — 4 busluds 
j)er acr(‘. Th(‘ crop should b(^ horse-hoed when 21 J in. high, 
and th(Mi hand-hoed repeatedly until the developuKuit of the haulrn 
restricts easy movement, among th(‘ plants. The lirnibal tinu* 
availabk^ for this o])eration makes a clean soil a vfTV n(H‘(‘ssarv 
condition of pea cultivation. 

Undoubtcall}' the best method of harvesting peas is with a ])(‘a 
hook, but it is at the same time the most, expensive. Occasionally 
they arc scyth(ab but most getKU’ally an ordinary gilts'^ mower is 
us(h1. TIk^ cro]) requir(‘s a considerable amount, of drying Ixdori^ 
stacking and in wet weatluT ditjieulty is ericount-eriHl in pnwaaiting 
damage to the pods which lie on the ground. To oh\n‘ate this th(‘ 
cro]> should Ix' secured in small heaps as rajiidly as its condition 
permits. Finally, peas sliould he stacked in long, narrfiw stachs 
in a position which exposes them to the maxim urn amount of wJnd 
and, if possible, on wooden frames to permit free circulation of 
air through the body of the stack. 
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CHAPTER VIII. 

THE CULTIVATION AND HARVESTING OF CEREALS. 

The importance of the cereal crops of Britain is very small in com- 
parison with those grown in other parts of the world. These crops 
lend themselves to large-scale management in all stages of their 
production. They can be cultivated and harvested much more 
cheaply in fields of 100 or 1,000 acres than in those of 5 or 10 which 
predominate in Britain. The crop of grain is dry and dense so that 
it can be handled and transported to this country at small cost 
from all parts of the world. The climate of Great Britain, except 
in the eastern counties, is not very favourable to the growth of 
wheat, and often unfavourable to its harvesting in comparison 
with those of the cereal districts of the world, where the grain can 
commonly be threshed from the standing crop in condition dry 
enough for indefinite storage. For these reasons the area devoted 
to the crop in Britain is continuously diminishing. 

In Great Britain cereals are chiefly grown on the eastern side, 
and especially in the eastern counties, where the annual rainfall 
varies between 20 and 30 in. and where the atmosphere is 
relatively dry in comparison with that of the west. Both wheat 
and barley are peculiarly favoured by a dry climate but oats are 
more tolerant of moist conditions and for this reason are grown to 
advantage in the west and north. 

Preparation of the Seed-bed. — Seed-beds for cereals should be 
clean and free from weeds before planting because their habit of 
growth does not effectively suppress w^eeds, nor do they lend them- 
selves to efficient intertillage. The seed-bed should preferably be 
shallow and firm, being ploughed from 4 to 5 in. deep, because 
the cereal roots need to grow in a firm soil. If the ploughing is 
deep the surface soil does not settle fijrmly on the subsoil and con- 
sequently the roots are not able to obtain a firm foothold. Under 
these circumstances, if w^et and windy w^eather prevails during July 
w’hen the ears are forming, the roots are unable to support the 
straw^ and the crop becomes “ laid.” If, therefore, the seed- 
bed has becui deeply ploughed, or is loose for other reasons, special 
precautions must be taken to consolidate it. 

Seed-beds for autumn and winter planting, whether for wheat, 
barley or oats, differ from those required for spring-planting in 
respect of fineness of texture. In spring the main requirement is a 
finely -divided seed-bed from the subsoil upwards, so that moisture 
may be retained and prevented from rapidly drying out in the dry 
])eriod8 of early summer, and so that the roots may easily grow' 
doAvn into the subsoil, and also that moisture may pass from the 
subsoil into the surface soil. For autumn and winter planting the 
drying-out of the seed-bed need not be feared in the moist months 
which will follow' })lanting, and the winter rain will cert/ainly help 
to consolidate the seed-bed. On the other hand, finely -divided 
seed-beds, especially when the soil is composed of clay or silt, run 
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together and paste down under the influence of winter frost and 
beating rain, with the result that the surface becomes “ panned, 
prevents the free passage of air and water, and hinders the 
growth of the crop. Seed-beds for cereals in autumn should, there- 
fore, be left rough on the surface, especially in the case of 
heavy soils. 

Whbat. — In this country the wheat crop is generally taken 
after “ seeds,’* peas or beans or potatoes. It is occasionally taken 
after roots caii^ or fed off early, especially sugar beet, and also 
after a bare or bastard fallow, and more rarely after a previous com 
crop. 

The soils most suited to wheat are the medium and heavy soils, 
provided they are well-drained. Wheat prefers a dry climate and 
revels in a hot, dry ripening period. If grown on light soils it is 
liable to suffer from drought during intensely hot weather. Varieties 
of wheat commonly grown in Great Britain require a long period to 
complete their growth, consequently they are generally planted 
between October and December. Spring -planted wheat is rarely 
satisfactory in Britain, though the greater part of the crops of 
Canada, as well as other wheat-growing areas, are spring-planted 
with varieties specially bred for rapid maturity, 

Preparation after “ Seeds.” — After a crop of clover and grass 
has been taken the surface soil is left firm and tight and is generally 
covered with a green growth of clover, grass and weeds. Dung is 
frequently spread on the “ seeds ” before ])loughing. No 
cleaning of the land is done unless a “ bastard ” fallow is taken 
after the first hay crop. The land should be carefully ploughed 
4 or 5 in. deep so as to bury all of the dung as well as the green 
remains of the crop. Sometimes a skim coulter, with or without a 
drag chain, may be required to tuck in the green growth properly, 
for if any is allowed to project through the furrow crease it grows 
and becomes a weed. On light land the furrows need to be tightly 
pressed after ploughing with a furrow press or, alteniativel} , with 
the ring roller to consolidate the furrows which, wlien ])roken out 
of the solid layer, do not readily break or pack tightly. Heavy 
land does not need to bo rolled It is preferable that the land be 
left to weather and consolidate a few weeks, and then the seed-bed 
is prepared by two or three turns of the harrow. The wheat seed- 
bed, after “ seeds,” should not be cultivated dee]>ly because this 
would bring the weeds and green crop plants to the surface again. 
The harrowing breaks only the upper part of the furr('w sufficiently 
deeply to permit the drill to deposit the seed at the required depth ; 
the lower part of the seed-bed is not workt^d by the harrow, but is 
gradually weathered and com]:)acted on the subsoil by the rain and 
other weathering agencies during winter. 

After peas or beans or another corn crop, tlie land should gener 
ally receive some cleaning of the surface in autumn by tractor 
cultivator, or other means, to eradicate (^ouch and ^)ther weeds. 
It is then ploughed and left to consol id at.e. Before drilling the 
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surface is harrowed to prepare a seed-bed, care being taken not to 
make the seed-bed too fine lest the beating rains of winter cause 
the surface to pan. 

After potatoes the land is generally left clean from perennial 
weeds but may, if the potato tops have died early, contain numerous 
plants of chickweed and other annuals. The surface soil is often 
very fine and light in texture. In some' cases no further prepara- 
tion beyond a turn with the cultivator is given before drilling 
This may be satisfactory, but this method is liable to result in the 
growth of annual weeds in the crop, and the finely-divided soil is 
very liable to “ run ” in wet weather and form a “ ywi ” on the 
surface. A better plan is to plough the land to a shallow depth for 
^he purpose of burying the annual weeds and the finely -(livided 
surface soil . When the plough furrow is eventually harrowed to form 
a seed-bed it retains a coarser texture than when such ploiighing 
is omitted. 

When wheat is grown after a bare fallow^ it is very liable to 
damage by the w’heat bulb fly, and for this reason such land should 
preferably be cropped with a spring-planted cereal. After a 
bastard fallow wheat may generally b(? grown u ithoiit much damage 
from this pest. In this case the land is broken dce}>ly with plough 
or steam cultivator in July after the first hay crop, a crop of silage 
or other early crop has been taken. It is stirred a few times wit.h 
cultivators in hot weather so that the strands of couch and ot ? 
peremiial weeds may bo baked in the clod. The sc^ed-bed is prc parcel 
by harrowing or cultivating the land after the clods have been 
moistened by autumn rain. Bastard, and especialh' bare fallowos, 
both of wiiieh are common to heavy land, are liable to become very 
fine in texture and very sticky after mu(ii rain. For this reason 
they should be drilled early in autumn unless planted with spring 
corn, inw^hichease they should Ix' plouglK'd in autumn and left over 
winter in the plough furrow. 

'riie usual method of planting vheat in autumn is by the use of 
the drill. When this is used it is generally desirable to bury the 
vs heat H to 2 in deep so tliat, w hen harrowed, the grain may be 
tf)o deep for small liirds, such as larks and starlings, to reach. At 
tins depth rooks will still he able to reach it. After driiling it must 
b(‘ properly covered by harrowing immediately behind the drill. 
If rooks are troublesonu' in the distriid, and esjiecially if the plant- 
ing is late, it is desirable to liarrow tlie field again after drilling is 
< cmpleted. The second harrowing should bo across tli^' drilling so 

to harrow out the furrow^s made by the coulters of the drill, 
‘iherw'ise these furrow^s' are easily followed by rooks. The second 
harrowing should be carried out as soon as possible after drilling 
bdore the land has become wet with rain or be(ui frozen ; if either 
these conditions intervene, the second harrowing may break the 
surface .soil too finely, with the result that tlu^ surface bciu)mes 
painu'd by tlie w'iiiter’s rain. If birds were not liluiy to injure the 
germinating crop, it would be preferable to sow the seed near the 
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surface — “ surface sowing,” as it is called — because seeds so sown 
develop into sturdier plants and produce heavier yields. But 
germination is very slow after the end of October, and the risk is 
too great. It may, however, be good policy to plant shallow when 
drilling is exceptionally early. 

Under certain conditions it may be more protitalde to broadcast 
wheat instead of drilling it ; thus wheat is frequently broadcast 
upon laod which, after ploughing, has been pressed with the furrow 
press. In this case the greater part of the seed ccunes to rest on the 
firm soil in +he track made by the press, and the field is then 
harrowed once or twice to cover it, or again, the ser‘d may be broad- 
cast on the surface of potato or root land immediately before^ plough- 
ing. The lami is th(m ])loughed shallowly, and the wh(‘at deposited 
under the plough furrow. This medhod obviates bird damage to 
late- planted wln-at and pr(‘ vents panning of the surfacu^ soil which 
is so likely to arise when wlu^at follows potatex^s. If wheat is 
ploughed under in this way some of tln^ seedlings are liable to be 
killed be(!aus(^ tluw fail to ])enetrat^‘ the furrow and reach the sur- 
face. Ploughing must, therefore, be shallow, and to helj) them the 
field may be liarrowed or disc-harrowed after ploughing to break 
the furrows. 

Treatment of Seed. — Untn^ated wheat se(xl is very liable to be 
attacked by inint, which destroys the grain and fills it with bunt 
8|)ores (p. TS9). Form(*rly wheat seed used to l)e t related with a 
solution of bhu^stone- ('op]>er sulpha.te, made by dissolving 2J lb. 
of bluestone in 10 gallons of water before drilling, for the purpose 
of killing t he }>unl spores adhering to th(‘ outsidi^ of tht^ grain. '^Fhis 
IS quite efficient for the purpose but is sonunviiat- liabl(‘ to injure 
germination. (Other uudlnxis of trinitinenl ai(‘ (I(\senb(sl m detail 
on fiage ,‘h)l.) 

The Manuring of Wheat. - Wheat is a ciop which lias a long 
period of growth. It is plantcsl in autumn and grows through 
winter, sjiring and early summer, and is harvesUul at tin end of 
summer, it produces a strong-developixl root-systmn which 
penetrates and searelies the soil deeply for plant food. It produces 
a long stem, or straw, which when oviTfed is liable to be laid by 
summer rain, with the result that the crop is costly to harvest and 
the. gi’ain is thin. For these reasons the wheat crop does not re- 
quire v('ry heavy manuring. Attimtion should be given to the 
character of th(‘ soil and previous manuring. If the soil is deficient 
in phosphates, and the previous crops have received none, a small 
quantity may be needed, but it is not generally m ccssary. in this 
respect it may be mentioned that the Australian v\heat- soils arc 
proverbially deficient in phosphate, and each wh(‘at (toj) should 
receive 1 cwt. or more per acre. Potash is not gemuaily reipiired 
for wheat, except upon thin, sandy sf)ils and grav(‘ls which are 
very deficient. The real problem with tlic manuring, of wheat is 
how much nitrogen to give the crop. For this decision exjierience 
of the fertility of the soil and a knowledge of the previous manurial 
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history of the field are essential. The point at which to aim is to 
grow “ as much wheat as will stand up in the average year, and 
lean a little in wet seasons. When wheat is grown after “ seeds ” 
with a coat of farmyard manure ploughed in, no extra nitrogen is 
required, nor is any required after a well -manured potato crop on 
good loam, but when potatoes are grown upon light soils, even 
though well manured, the crop may give a profitable return for 
2 to 1 cwt. per acre of sulphate of ammonia, because the potato 
crop is a gross feeder and, especially if its growth is continued in 
autumn, leaves little available nitrogen in the land. If wheat 
follows another com crop, the land will be poor and the wheat will 
give a profitable return for the application of 1 to 2 cwt. of sulphate 
of ammonia. In general it may be assumed that the application of 
1 cwt. of sulphate of ammonia will give an increased yield of 4 to 
5 bushels of wheat and 5 to 6 cwt. of straw, provided, firstly, that 
a “ plant ” of wheat has been established, and, secondly, that the 
application does not cause the crop to be laid. 

If wheat has been planted early on a fertile land in a mild 
winter it may have made too much growth in spring and become 
“ winter proud.*’ This condition results in long, thin straw and a 
low yield. This condition may be rectified by grazing the wheat 
off bare by sheep in the month of April or until the end of the first 
week in May. 

Intertillage. — When winter is over and the wheat examined in 
the early spring, it will be found that frost has lifted the surface 
soil on some fields and the wheat is loose at the root, on others that 
the soil is panned down tightly by winter rain, and on yet others 
that the surface is still rough and cloddy, whilst in all cases it is 
likely to be found that a number of small annual weed seedlings 
are developing. To rectify these conditions spring tillage is 
executed, care being taken, especially upon the medium and heavy 
types of land, that the tillages are not carried out before the land 
is sufficiently dry. The field will generally be rolled with a ring 
roller first. On light land this may be done towards the end of 
March, but oji heavy not before April. This will consolidate the 
the land loosened by the frost and check the easy passage of wire- 
worm from plant to plant. It will crack the surface pan if care is 
taken to roll at the right time when the land is neither too 
moist nor too dry, and it will crush the clods. After rolling the land 
will usually be harrowed to open the surface of the land to the air 
and to destroy some of the seedling weeds. In some cases, especially 
upon stony laiui, the field may then be rolled wdth the flat roller : 
this presses the stones into the soil and leaves a more level surface 
tor th(‘ siibst qiKUit cutting of the crop. Finally, it is desirable to 
spud thistles ixnd uproot docks by hand during May. 

Harvesting. .V largo part of the world’s wheat is now cut and 
thn'shed t)\ coiuhiiuid harvesters in the field wh(T^> it has grown 

from the* swath after being cut a few days. A few' people are 
e\]K‘r-mi< utiuL!, witli similar machine's in this country but the 
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uncertain climate in most districts does not favour the method. The 
greater part of the cereal crops in this country is cut with the reaper 
and binder, built into stacks, and threshed at a later date — opera- 
tions which entail much greater expense than that of the combined 
harvester, yet necessitated by the climate and justified by the better 
treatment of the straw, which is a more valuable product in Great 
Britain than in the extensive wheat fields of the world. For the 
successful operation of the combined thresher, the grain, when cut, 
must be hard and dry, but when using the British method it is 
preferable to cut wheat before it is dead ripe and whilst the grain 
is still cheesy in texture and there is still a trace of green in the 
straw just below the ear. The reasons for this early cutting are, 
firstly, that the grain may not shatter during the operations of 
cutting and stacking, secondly, because the grain continues to feed 
on the straw after cutting, and thirdly, because it enables the cereal 
farmer to get his wheat cut and shocked so that he is ready to cut 
his barley, a more delicate crop exactly when it is fit. 

Immediately after cutting wheat should be set up in shocks of 
8 to 12 sheaves. The shocks, or stooks, should be carefully formed, 
with the butt ends firmly placed on the ground and the ears forming 
an acute angle, so that rain may be quickly shed. In rainy dis- 
tricts it is advisable to place the shocks pointing north and south so 
that the sun may shine equally on both sides. 

Wheat in this country generally requires to stand in the field 
frf)rn a w'eek to a fortnight, according to th(‘ ripeness when cut and 
the w(‘ather conditions, to dry and liardeii l)ef()re it is fit to cart, 
but when it has orica? properly matured wheat ruay be stacked even 
though damp with dew or slightly wet with misty rain, conditions 
in which it would be unwus(‘ to cart, barley or oats, (kn’ii stacks 
should b(^ constructed on a dry stack bottom and preferably upon 
one which allows air freely to circulate below' the rick. In building 
the stack it is important to keep tlie centre higher than the w'^alls so 
that all th(‘ straws slope dowmw'ards and outwards ; in this con- 
dition rain, if it beats against the sides of the stack, does not tend 
to run ij)to and damage th(‘ stack. The roof should lx* ])articularly 
vv(*l] built. Th(* raising of the centre must be emphasized, and the 
out8i<l(' sheaves should be placed with care so that the butts of the 
sh(‘avcs overlap like slates on a roof. Corn stacks, if ])roperly made, 
do not settle greatly, and are fit to thatch a day or two after 
building. The thatching should \>e done, therefore, as soon alter 
sta(;king as possible 

('orn thresliing in the drier parts of this country is sometimes 
doiH* dii e( tl> from the field, but more often after the grain has stood 
for varying jieriods of time in the stack. After stacking, the corn 
g(*ii(‘rally swi^ats slightly. If carrmd in bad ordia' it sweats badly 
and may not be tit to thre.sh until the IMareh winds have Vdown 
through and drii^d the stack. The thrt'shing ma(‘hini\s commonly 
used in (mat Britain are large cumbersome machiiK'S provided 
with heater bars ou the drum to rub out the gram (jt. 72). The 
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separation of the grain from straw, chaff, weed seeds, etc., is very 
perfectly performed, but the operation is tediously slow and very 
wasteful of manual labour. It is none the less justified for the pro- 
duction of a good sample of barley when this is of high quality and 
“ tender.” In Canada and other parts of the world, where labour 
is costly, and where malting barley is not largely grown and straw 
is of less value, threshing machines of the peg-drum type are used. 
These machines knock out the grain instead of rubbing it out, blow 
the straw, chaff and caving away together by means of a wmd 
stacker in place of an elevator and do not clean the grain so weJl, 
but they are capable of accomplishing double the output with half 
the labour. 

The average yield of wheat grain grown in this country, as re- 
turned by the Ministry of Agriculture, is 17 cwt. per acre, a crop 
which would be associated with about 25 cwt. of straw. Good 
crops may produce 20 to 25 cwt. of grain per acre and exceptional 
crops up to 30 and 35 cwt. 

The Barley Crop. — Barley may be grown and used for one of 
two entirely different purposes. The best samples, those in which 
the grain is uniform in size and in colour, which are perfectly mature, 
in which the skin and cell -walls are thin and the grains of which are 
full of starch, as indicated by a white, mealy appearance when cut 
in halves, are used for malting. Inferior samples unsuitable for 
malting are used for stock feeding. The former often command 
relatively high prices, the value of the letter is governed by the 
price of maize and other starchy foods. In order to obtain the best 
quality great care is necessary in the management of the crop at all 
stages so as to obtain perfectly uniform and unblemished samples. 

Barley is mainly growm in the east and south of England, where 
the drier and milder climate is advantageous to the crop. At no 
period of its gro^vth is much rain required, and especially is it de- 
sirable' that the harvesting period be dry so that the crop may be 
secured in good condition. None the less, slight showers or heavy 
dew s during the last week or two of ripening are desirable, because 
these help the colour and mellow the sample. Very hot, dry 
weather at harvest causes the sample to be harsh and sometimes 
flinty in character. 

The barley plant produces a rather weakly -growing root, winch 
consecpiently does not easily penetrate unfavourable soil. It grows 
to best advantag? on light and medium soils, especially when these 
have been prep ’ed to form a mellow' and crumbly seed-bed. It 
does not grow well uj)on hc^avy soils unless these are in an ideal 
state of texture and the season is dry. In very dry seasons heavy- 
land barleys may compare more favourably with those grown upon 
the light soils. Barley cannot be grown successfully upon sour 
soils, and, in fact, a comparatively slight acidity of the soil causes 
the plant to die in the early stages of gremth. On the other hand, 
the calcareous soils are favourable to its growih. The straw of 
barley is weak and (u^nsequently the crop is more likely to “ lodge ” 
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than wheat or oats. Excessive richness of soil must be avoided, 
and nitrogenous manuring must be strictly limited lest the straw is 
unable to carry the weight of the ears. 

Barley is typically taken in the rotation after a root crop. Good 
quality crops may be grown, especially when the roots have been 
carted off or folded with store sheep. If a good crop of roots is 
folded by fattening sheep receiving a heavy ration of cake and com, 
the land becomes too rich in nitrogen, the crop is liable to be laid 
and the grain to be coarse. In such cases two successive com crops 
are commonly taken after roots, in which ease the second barley 
crop is more likely to be of good quality. In other cases barley 
may be successfully taken after wheat or other c(Teal, provided 
careful attention is given to the manuring of the crop. \Vhen soil 
conditions are favourable barley may be grown after potatoes and 
less commonly, and only when the soil is ideal, after “ seeds.” 

Barley is normally a spring -pi anted crop, although in mild 
winters good crops of high quality barley may be obtained from 
autumn sowings. The seed-beds preparecl for the autumn -planting 
of barley are similar to those for wheat, but for spring -planted 
crops much greater care is necessary in their preparation, firstly 
because dry conditions of weather may be ex})t'(‘ted to follow' the 
spring planting, during which a badly prt']>ared seed-bed might dry 
out in parts and so ca\ise an irn^gular plant, and because the 
interval of time between idanting and harvest is so much shorter 
than in th(‘ (*.asc of autumn-])! anted ci*o])s. In the latter, time and 
weather help to ameliorate irregiilaritios in the germination of the 
seed, but in the former irregular germination results in irregular 
ripening. 

For spring- planted barley th(‘ seed-bed should ])ossess the 
following characteristics : - It should be clean and free from 
weeds so that the crop, \vhi(‘h is not a smothering crop, may not 
suffer from weed competition, and so tliat the sample of barley, 
when threslied, may be free from weed sc^eds. It should be well- 
worked and uniform so that germination and grow'th of all the 
})lants may be simultaneous, so that aeration may Ix^ complete and 
iiitrifieation encouraged. It should be linely divid^nl so that the 
seed may be woll covered to an even d( pth and so that the seed-bed 
may hold and retain rain water for the service of the growing crop. 
It should be firm from below' upwards, with the surface soil firmly 
and intimately connected with th(^ subsoil, so that the depth of 
drilling of the seed may be uniform, .so that root -growth may pass 
downw'ards easily from the surface to the subsoil, and so that 
moisture may easily pass upwards during dry weather from the 
subsoil to supply the needs of the c;rop. Lastly, the seed-bed 
should not be too deep*. For barley, according to circumstances, 
the depth should be between 3 and 5 in. If too deep the hollow 
spaces left by the ploughing are much more difficult to eliminate by 
subsequent cultivation, and the seed-bed is likely to be hollow, 
with imperfect contact between surface and subsoil ; such hollow 
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seed-beds not only prejudice the growth of the barley roots, but in 
dry seasons are likely to dry out so that the plant sufiEers from lack 
of moisture, and in rainy seasons the earth subsides into the hollow 
and the crop becomes root-fallen and laid. These characteristics, 
essential for the growing of a malting sample of barley, are desirable 
for all other spring -planted corn crops. Consequently, the methods 
about to be described for the preparation of seed-beds suitable for 
barley may be adopted for those of other crops. 

In the preparation of a seed-bed for barley on light land after 
early roots, consideration must be given to the surface soil after the 
roots are removed. If the roots have been carted in dry weather, 
the texture of the surface will be friable, but if carted in wet weather, 
and especially if folded in bad weather, the surface, down to a 
depth of 2 to 3 in., may be left in a pasty condition. This should 
not give much trouble if the field is cleared in early winter so that 
frost has time to rectify the texture before or after ploughing, but 
if otherwise, very car(dul management will be required. The pre- 
paration of a seed-bed for the previous root-crop should always 
include deep ploughing and cultivating, thus the lower depths of 
the surface soil, below 3 to 4 in., should be left in mellow condition 
after the removal of the crop and ideal for the ramification of the 
barley-roots when they reach this depth. It is, therefore, un- 
nec(\ssary, and indeed harmful, to plough such land deeply for 
barley. As soon as possible after the roots are cleared, and other 
work on the farm permits, the land should first be ploughed to a 
shallow depth of 3 to 5 in., according to circumstances. It should 
be left in the plough furrow untouched, so that frost may weather 
the land. In some cases, and especially if trampled, pasty soil has 
been ploughed under, it should be ploughed a second time in the 
new year when th(‘ soil is sufticiently dry for the purpose. The 
second ploughing re-exposes the land to the weather, so that this 
becomes very friable and at the same time checks the growth both 
of peremiial and annual weeds. Subsequently, whenever the land 
is dry enough, the seed-bed (^an be v(iry easily prepared by two or 
three turns of the harrow, and, if nec(‘ssary, a rolling to tighten and 
level the seed-bed just before drilling. If a second ploughing has 
not been given then the seed-bed will require deeper and more 
thorough preparation before drilling. This may be accomplished 
by one or two turns of the cultivator or disc harrow to break up 
the original furrow and disturb the weeds. It is quicker and cheaper 
than ploughing but not so efficient in producing uniformity of the 
seed-bed at different depths. After these cultivations the seed-bed 
may be prepared as before by the use of harrow and roller. If the 
land cultivates up roughly and leaves a number of harsh clods, the 
roller will be required to crush and reduce these to finer texture 
before the final harrowings. 

In the case of barley after late-folded roots, the late-folding is 
likely to have damaged the texture of the surface soil, which must 
be rectified before the seed is drilled, and the seed-bed must be 
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prepared at a time of year when dry weather is likely to prevail, so 
that the seed-bed is liable to dry out completely during its prepara- 
tion unless great care is taken. Under these conditions time does 
not permit of two ploughings. A deep ploughing would turn down 
to the subsoil in an unweathered condition the damaged surface 
soil, in which position tillages, whether by harrow, roll or cultivator, 
would be powerless to rectify it. Commonly such land, when in a 
sufficiently dry condition, is ploughed very shallowly. Each day's 
ploughing is then rolled and harrowed the same day, so that the 
plough furrows may be left covered with a little fine soil and pre- 
vented from drying out until the ploughing is finished. The seed- 
bed is completed by a succession of rollings and harrowings until 
the texture is sufficiently reduced. This practice in dry weather 
frequently results in the formation of a harsh, “ knobbly " seed-bed. 
An alternative method consists of using the disc harrow on the 
trampled surface before ploughing, in order to ameliorate the 
damaged texture. This operation should be carried out when the 
soil begins to dry. By such cultivation, repeated if necessary, the 
most badly trampled surface is broken up and the field covered 
with friable soil to a depth of 1 to 1 J in. Then the land is ploughed 
to a shallow depth so that the friable soil on the surface falls upon 
the subsoil as the furrow is turned with the rest of the furrow lying 
above it. The area ploughed each day should be rolled and harrowed 
the same day to prevent drying out. When ploughing is completed 
the seed-bed may be prepared by again using the disc harrow to 
break down the plough furrows, and finally prepared by harrow, 
and roller, if necessary. This method, by w^iich a shallow layer of 
crumb is produced on the surface of the unploughed field by the 
disc harrow before ploughing as well as by the disc harrowing as 
soon after ploughing as possible, is particularly a})propriate for the 
quick pref)aration of se^ed-beds, because the surface ]vart of the land 
is broken down before ploughing and falls iqxui the subsoil in a 
condition which needs no further treatment before the seed is 
})lanted, and the remaining part of the furrow (unbroken), being 
shallower, is the more easily and quickly brolnni down afterwards. 
This geiHoal metliod foi- the preparation of seed-beds is, therefore, 
pai’ticularly ajj})ropriate for dry weather conditions and is, in fact, 
largely practised in dry climates. 

When a seed-bed foi- spring corn is bchng jirepared upon lieavy 
land wliich has jireviousiy carried a corn crof), the chief factor in 
the Ijrf aking down of the texture to a crumbly (*ondition should be 
Ihie weatiieriiig of the soil chiefly by frost and thaw. Implemtmts 
should he us(‘d to facilitate this weathering, but the roller should 
not be used if the seed-bed can be prepared without it, because the 
use of the roller is so liable to damage the undertext-ure of heavy 
soils whilst tliesc are still moist. Cultivators, harrows and disc 
harrows are approyiriate implements for use in jireparing seed-beds 
on sueli soils after jiloiighing, but the main point to ernpliasize is 
early plougbing, so that the plough-furrow' ma} receive the full 
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benefit of winter frosts. With these ideas in view, the following 
procedure may be adopted. The stubble, if weedy, should be 
cleaned directly after harvest by the use of a broadshare or culti- 
vator. The field should be ploughed in late autumn or early winter 
to a depth of 4 to 5 in. It should be left untouched till dry 
weather in spring causes the land to dry and the top of the furrows 
to change colour. Then, and not till then, it should be cultivated 
to the full depth of the ploughing across the furrow. This breaks 
the furrows, causing them to crumble, brings clods to the surface 
and allows the finer parts of the soil to settle upon the subsoil. If the 
clods are “ tender ” and it is desired to crop the land immediately, 
the cultivating should be repeated once or twice and the land 
harrowed a time or two until it is fine enough for drilling. When 
this stage is reached it should be immediately drilled, since heavy 
land re^y for drilling is in a critical condition, for if heavy rain 
falls, the moisture is held by the soil, which becomes sticky, and 
any subsequent cultivation by drilling, harrowing, etc., spoils the 
mouldy “ crumb ’’-structure which has been obtained by weather- 
ing and by patient endeavour. If after the first spring cultivation 
the land breaks up “ raw,” in a condition which will not readily be 
reduced to a seed-bed, it is preferable to leave the field for a week or 
fortnight for further drying and weathering before proceeding by 
similar methods to complete the seed-bed. In the somewhat rough 
condition left by the first cultivation, the texture of the field will 
not necessarily be injured by rain, since this can drain through the 
rough soil whilst it is absorbed by finely divided heavy soil. 

Seed and Drilling. — Seed- barley should be perfectly true to 
variety, since mixtures of varieties will inevitably produce an 
uneven sample. It should be free from weed seeds, and, so far as 
can be ascertained, free from disease. Blindness (Helminthosporium) 
and smut may cause serious loss of crop. The sample should 
possess a high percentage of germination and at the same time it 
should germinate regularly and strongly, so that the crop makes a 
uniform start. The sample need not possess high malting quality, 
in fact, a coarse sample, provided the variety is right, with a high 
nitrogen content, is preferable for seed purposes to a mellow, starchy 
sample, characteristic of malting samples, because the former will 
generally give more vigorous grow'th. 

Treatment of Seed- Barley. — Barley is not generally dressed 
before planting, but none the less, the crop frequently suffers loss 
of crop from covered smut and the blindness caused by Helmintho- 
sporium, both of which can be largely prevented by the formalin 
treatment, described for bunted wheat (p. 391). 

In drilling, the greatest care should be given to depositing the 
seed at a uniform depth at about 1 to IJ in. below the surface 
on a firm bottom. After the seed has been drilled it should be 
harrowed in immediately behind the drill, and it is generally advis- 
able to cross-harrow, especially if rooks are troublesome. Finally, 
the field is generally rolled to press the seed firmly into the soil and 
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to prevent drying out of the seed-bed. But this practice is often 
withheld on heavy land if the seed-bed is rather moist or if drilling 
has taken place in the early part of the season, because the finely 
divided and level surface is liable to “ run ” together and when dry 
to form a surface pan or crust through which the seedlings may be 
unable to force their way. 

Intertillage. — The intertillage of spring-planted cereal crops is 
carried out for similar purposes and with similar implements as 
that described for autumn-planted cereals. Wireworms, which are 
liable to be particularly troublesome to spring corn, may be pre- 
vented from “ running ” so freely from plant to plant by heavy 
rolling. If a crust or pan is formed before the seedlings have 
reached the surface it may be broken by the use of a ring roller. 
Barley is specially benefited by light harrowing, which does little 
injury to its foliage and kills many seedling weeds, so preventing 
their subsequent competition with the crop. 

The Manuring of Barley. — The manuring of barley requires to 
be carried out with care and judgment, so that a large crop of the 
highest quality may be produced. Excessive quantities of nitro- 
genous manures result in the production of laid croy^s of uneven 
grain or of coarse-grained samyiles. The aim must, therefore, be 
to take into account all the factors in each case and try to attain 
the happy mean with a vigorous growth of foliage ripening to pro- 
duce a bountiful crop of good quality. The field upon which barley 
is to be grown should be mellow rather than rich in humus, so that 
a good texture can be easily obtained. It is not, therefore, general 
to apydy farmyard manure for barley. Excessive nitrogenous 
manure leads to the production of long, say^py straw' wiii( h is liable 
to be badly laid. In this case ripening is both delay cal and incgular, 
and the grain is liable to be variable in size and in (olcMir. Excessive 
nitrogenous manuring also leads to the proiluction of a coars(‘ grain 
containing too great a quantity of nitrogenous siibstancas instead of 
a plump, mellow grain, full of starch, which is the condition 
desired by the maltster. Nitrogenous manuring must, therefore, be 
adjusted to the known conditions of the field and to its yirevious 
cropping and manuring. After a folded croyi f)f roots on medium 
land, no extra nitrogenous manure will be required, but when 
barley is taken after a corn crop on avtu'age land a dressing from 
J to li cwt. of sulphate of ammonia will generally be required, 
and should preferably be ajiplied and liarrowed in at the time of 
drilling. The barley croyi is nearly always benefited by phosphatic 
manures, which favourably influence the croyi at several yieriods of 
its growth. Phosphatic manures help the d( velopment of the 
somewhat weakly root of the barley. They tend to stiffen the 
straw. They certainly influence the riyiening of the grain and make 
this earlier and help the quality of the crop. For barley soluble 
phosphates in the form of superphosyihate are preferable to the 
insoluble phosphates. The applications should be at the rate of 2 to 
4 cwt. per acre, according to the charactei* of the soil and the previous 
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phosphatic manuring of the field. Potash manuring is not largely 
required by the barley crop unless the soil is notably deficient and 
provided the field receives occasional potash for other crops in the 
rotation. When barley is grown upon soils deficient in potash, as 
for example, many of the light sands and gravels, 2 to 4 cwt. of 
kainit per acre should be applied. 

Harvesting Barley. — In harvesting and carting barley takes pre- 
cedence of all other corn crops because its quality can be so qiiickl}' 
spoilt by weather. Barley must be dead ripe when cut. The 
straw must be completely yellow throughout, with no green ears 
in the field ; the heads should be bent over and sickle-shaped ; the 
grain should be not only firm but hard. When these conditions 
prevail, and not till then, the barley should be cut. In this country 
barley is commonly cut with the reaper and binder and, provided 
there is not a great quantity of clover or green material in the butts 
of the sheaves, it should be shocked the same day. If there is, 
however, and tlie weather is fijie, the sheaves may be left on the 
ground for a day or two for it to dry before the barley is shocked. 

Barley must be completely dry when carted and stacked. It 
must not be carted whilst moist with dew, and carting must be 
stopped if rain comes on. If “ seeds ” have not been sown with the 
barley and there are no green weeds, the crop may be fit to cart 
within a few days of cutting, because the crop is nearly dry when 
cut. But if the butts contain any green material barley must in no 
case be carted too quickly, for otherwise it is very liable to hef>t in 
the stack, with the consequent spoiling of the quality. When bam 
room is available this sliould be allotted in the first place to barley, 
and when stacked in the 0 |>en the thatch should be put on as soon 
as ])ossible to prevent heavy rain from wetting the sheaves in the 
roof. 

Threshing. — In some cases barley may be threshed directly 
from the field, a practice which saves a considerable amount of 
labour, but this is not to be recommended for the best samples 
because the sample of barley is mellowed by a few weeks in the stack, 
and because such (juickly- threshed samples are liable to contain a 
few moist grains which sjioil its uniformity. The best samples are 
g(‘nerally threshed during October, when the greatest demand is 
d<‘V(Moped for malting barley. In threshing great care must be 
taken not to injure the grain. The threshing machine must be 
accurately adjusted, and in particular the humnieller must be 
carefully adjusted so that the awn is not broken oil too close 
and the grain exposed. Such exposme, whether by careless break- 
ing of the awn or by other means, is a fatal fault with malting 
barley, because all exposed parts of the grain, when moistened for 
g(Tmination, are liable to develop moulds which may kill the 
germ and destroy the starch. 

‘ malting " sam])le of barley should possess the following char- 
acters. All the grains should be ripe and possessed of liigli vitality 
that when moislAUied they will germinate uniformly, so that at a 
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given time, when the malt is dried off, all the grains may have 
developed to the same stage and contain the maximum amount of 
diastase. The sample should be in good condition, that is to 
say, it should be dry and the grains plump and filled with 
starch. The grains should be thin-skinned and transversely 
wrinkled, indicating that the cell walls are thin and easily broken 
down during fermentation, giving a quick conversion of starch to 
sugar. The colour of the sample should be guinea-yellow, bright 
in appearance and uniform. Irregularity of colour indicates some 
fault, thus the grey and dark colour of some grains may be due to 
wet weather in the shock or before cutting, and discoloured ends 
may be due to “ heating ” in the stack. The smell must be clean 
and free from taint of must, indicating dampness, or sweetness, 
indicating heat. Finally, there should be an absence of shrivelled, 
damaged or sprouted grain. 

The average yield of barley in this country, according to the 
returns of the Ministry of Agriculture and Fisheries, is about 16 
cwt. of grain associated with about the same weight of straw. Good 
crops reach as much at 25 cwt. of grain per acre, whilst exceptional 
crops may reach 30 cwt. per acre. 

The Oat Crop. — Whilst crops of wheat and barley are generally 
grown for purposes of sale, the oat crop is largely grown for home 
consumption and fed to stock, although considerable quantities are 
sold for feeding town horses, and a smaller propor\ion for oatmeal. 
Oats grow to best advantage in a somewhat moist climate, and for 
this reason are more commonly grown than w heat and barley in the 
west and north. They can be grown on many types of soil, are 
tolerant of slightly acid conditions and grow' w'ell on some peaty 
soils, but they do not flourish on thin, light soils in dry districts. 
The chief consideration in managing the crop is to j)roduce quantity 
rather than quality, since no special value attaches to this as in the 
case of barley, but none the less, it is very important that the grain 
be well filled and the percentage of husk as low' as possil)le. 

In the west and north the crop is mainly spring -planted, but 
in the drier districts of the south and east wdnter oats are becoming 
increasingly popular, largely because they do not suffer seriously 
from ‘‘ frit fly,’ an insect which is liable to cause serious loss to 
late-planted spring oats in dry districts. 

In moist districts oats are generally taken after the “ seeds ” 
layer, and they may also be taken with advantage after roots and 
potatoes. In dry districts oats may also be taken after roots, 
especially when the land is very rich, but not as a general rule after 
“ seeds.” In all districts oats are frequently taken as a second 
com croj> after wheat, barley or oats agaui. 

Whilst the specially w'ell -prepared seed-b(xl. so necessary for 
barley, is not essential for a good crop of oats, it is none the less 
important that a good seed-bed be prepared if good crops are to be 
grown. In general the seed-beds requirements of winter oats and 
methods of preparing them are similar to those of wheat and of 
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spring oats to those* of spring barley. One special case, in which 
oats are taken as a spring-planted crop after “ seeds ” in northern 
districts, may be described. The seeds in this case will genei ally 
have been down for three or more years and will have been grazed 
as bare as possible during autumn. In this condition tht'* field 
should be ploughed 5 or 6 in. deep, preferably with a crested furrow . 
Since it is important to keep the turf buried, cultivators are 7)ot 
generally used for the preparation of the 8eed-bf‘d. The seed bod 
is prepared by frequent harrov ings, at first in the same direction as 
the ploughing, until the furrow has settled, then across the plough- 
ing imtil the sharp teeth of the harrow have worn through the 
greater part of the furrow and prepared a seed-bed. In certain 
circumstances, disc harrowing across the furrow can be advan- 
tageously practised in place of the ordinary harrowing, since this 
operation, properly executed, will not tend to bring the turf to the 
surface. The oats may then be drilled and harrowed in as for other 
cereals. 

Seed and Seeding. — Since oats are frequently cut at an early 
stage of maturity to prevent the crop from shedding, care must be 
exercised in selecting the seed to reject immature samples. Plump 
oats with a high percentage of germination and freedom from weed 
seeds should be selected. Whether for autumn or spring planting 
it is desirable to plant early, in autumn so that the plant may 
become well established before winter, and in spring so that the 
plant may have become well established and begun to tiller before 
the advent of frit fly, which may cause serious damage to oat crops 
[)lanted after the third w^eek in March in dry districts. 

The intertillage of oats is not different from that of w^heat and 
barley, except that oat foliage is more tender and therefore more 
easily damaged by intertillage. For this reason care must be taken 
not to harrow oats too severely. 

The Manuring of Oats. — As oats are grown largely for home 
consumption and the chief consideration is to produce a large crop, 
manuring should, therefore, be on a slightly more generous basis 
than for barley. None the less, it is important not to manure ex- 
cessively and so obtain a badly laid crop. As wdth ail other crops, 
attention must be given to the previous cropping and manuring 
and to the manurial deficiencies of the soil upon which they are 
grown. In general oats have no special requirement for any element 
of plant food and therefore require a balanced manuring. 

If oats are to be grown after a three-year la 3 ^er in which the 
growth of white clover has been encouraged by the use of phos- 
phates, the following oat crop should require no further manuring, 
but if oats are grown after wheat on heavy soil naturally well 
supplied with potash, the oat crop should receive I^ cwt. of sulphate 
of ammonia and 2 to 3 cwt. of superphosphate, to be ^harrow ed 
into the land before drilling. 

Harvesting. — The oat crop is cut at an earlier stage of maturity 
than either barley or wheat, because oats are liable to shatter when 
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Wawac) i\ie oats continue to ripen in the sheaf after 
cutting and because when oat straw is cut before becoming dead 
ripe its value as cattle food is much greater than that of ripe straw. 
Oats are therefore cut whilst the straw is still slightly green and 
before the chaff flies. A useful test is to take a handful of growing 
oat ears by the straw and shake the ears. If the chaff begins to 
shatter the oats are fit to cut. 

Since oats are commonly cut at an early stage of maturity, pro- 
vision must be made for the crop to dry out before carting. Few 
sheaves should be put into each shock so that the wind may blow 
through them easily, and the crop must be left in the field for 
a long f)eriod before carting. It is rarely pos.sible to cart oats in 
less than a fortnight after cutting. If carted before the sap has 
completely dried out, the oats beat in the stack and the value of 
the corn is siuaously reduced. In northerly districts special pre- 
cautions are often taken to reduce this risk of heating. The stacks 
are generally smaller, and a triangular wooden boss ” is often 
placed in the centre of the stack to facilitate the ventilation 
and drying of the stack. In other cases a layer of faggots may be 
placed in the middle of the stack for the same purpose. 

Yield of Oats - According to the returns of the Ministry of 
Agriculture, the av(‘rag(‘ crop of oats amounts to about 15 cwt. of 
grain per a(‘re. Such a crop would be associatx^d with about 1 ton 
of straw. CJood crops of oats should yield 20 to 25 cwt. of grain 
per acre, with 30 to 35 cwt, of straw, and (exceptional crops may 
produce 30 to 40 cwt. of corn with 2 to 2.J tons (d straw. 


CHAPTER IX. 

im: CX^L'ITV ATIOX OF rrLSE, hoot and tOKACi: OHOFS. 

PULSE CROPS. 

Beans. These are sometimes sown in the autumn, and ar(* tlKui 
known as “ wdnter beans,” as the varieties used are hardv . and aie 
able to withstand the cold of a moderately severe winter, though 
they are sometimes killed, especially if the land be wet from want 
of drainage. Winter beans are fit for harvesting earlier than s})ring 
beans, and are less liable to injury from the green and black ” flies ” 
(a])hid(\s), which do much harm to late beans. As the ‘‘ flies ” do 
not, as a rule, a})pear until July, it is a decided advantage for the 
beans to reach a stage in which they are past injury. 

Beans do best on the stronger soils, especially those containing 
a fair ])ercentage of lime ; in fact, beans, as in th(‘ case of wheat, 
will grow on the heaviest clays in this countiy. The light soils in 
the drier districts are not so well adapted to their growth, and the 
crop is often disappointing in these cases. 

Beans are rather an uncertain crop, and liable to be affected by 
severe frost. They are, therefore, more suited to the genial cUmate 
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of the southern portion of Great Britain. On heavy land beans are 
sometimes taken as a cleaning crop in the place of roots, and the 
success of the crop may then be taken as a test of clay -land farm- 
ing. As noted elsewhere, beans, being a leguminous crop, form a 
good preparation for the succeeding wheat crop. 

The seeding is simple. A piece of land which has grown wheat 
on heavy soils or barley on the loams is dunged and ploughed 
immediately after harvest, and, after it has been harrowed to a rough 
seed-bed, the beans are drilled and covered in by harrowing. It is 
a common practice in the north of England to ridge up land in the 
same way as for turnips, the ridges being 24 in. apart. Farmyard 
or other manure is put into the ridges, the beans are sown broad- 
cast, and the ridges are split back over thci manure and the seed. 
The ridges are harrowed down just before the beans appear above 
ground, and thus the growth of weeds is checked. Or, in other 
cases, the ridges may be split back over the manure first, and then 
the seed drilled on the top of the ridge in a similar way to sowing 
mangels or turnips on the ridge. 

Another very simple method of planting followed on wet soils 
is “ ploughing in.” In this case a small seed hopper or drill is 
attached to the beam of every second or third plough, according to 
the distance apart it is required to place the rows, and the seed is 
simply droppt‘d into the bottom of the furrow and covered as the 
work proceeds. 

” Dibbling ” by hand is an old and cherished method of planting 
beans still followed in a few places, the beans being dibbled in th^ 
unbroken furrow and afterwards harrow'cd in. This method has the 
advantage in v/et seasons of allowing the planters to get on to the 
land weeks earlier than it would be possible to put horses on for 
drilling purposes. 

It is very necessary to plant the beans early in the autumn, 
otherwise they are not so well aV)le to withstand cold weather. As 
soon after harvest as ])ossibl(‘ is, therefore, the correct time for 
])lanting beans. Nevertheless, the greater portion of the bean crop 
IS perhaps y)Ianted in the spring, bean -sowing being the first seeding 
operation after winter. When beans are drilled in spring the land 
first requires harrowing with heavy harrows to produce a seed-bed. 
The seed-bed need not be particularly fine. After drilbng, two or 
three harrowings will be required to cover the seed wuth soil. With 
tlie exception mentioned above, beans are not sown broadcast, as 
it is impossible in that case to thoroughly clean the crop. 

After Cultivation.— Beans, which are drilled in wide rows on 
heavy land which cannot be worked during wdnter, should be 
< leaned by the hand -hoe and the horse-hoe. A thorough tillage 
slioiild be effected, esy)ecially among the winter beans. A single- 
row horse-hoe is the best implement for the purpose of loosening 
the ground, and this should be followed by the hand -hoe. On 
lighter soils, sjmng beans may be cleaned with a three-row horse- 
hoe, as the object is cleaning rather than tilling. The hoes should 
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be kept going until the beans have grown so high that further 
working among them would be injurious. 

Harvesting. — Beans should be cut when the leaf has fallen, 
but it is not till some time after cutting that the corn becomes 
brown and hard. The crop is occasionally mown, more often cut 
with a fagging-hook, and still more frequently with a reaping 
machine, though the hard stalks are very injurious to the knives. 
When the pods grow close to the ground, it is necessary to allow 
the crop to become riper than for cutting, and to pull the plants up 
bodily by hand." Beans are cut, and afford work for men, when the 
weather is too wet for employment to be found upon other com 
crops. They should be tied and stooked, and, after remaining in 
the stook for a long time, they are stacked in any but very wet 
weather. A little outside moisture is not very detrimental, as the 
stout, stiff stalks allow air to draw freely through the stack. Beans 
should not be used as food until they have been stacked for the 
greater part of the year, and are better if allowed to stand over the 
summer ; the threshing is best delayed until they are required. 
The sale weight is 19 stones net (= 266 lb.) per sack of four bushels. 
The straw, or haulm, though not so valuable as pea straw, is 
nutritious, and the upper portion is very palatable. 

The yield of the bean crop is from 30 to 40 bushels of grain, and 
some 25 to 30 cwt. of haulm or straw per acre. 

Peas. — This crop grows best on the lighter descriptions of sous, 
such as the sands, gravels, and freer- working loams, especially when 
these soils contain a fair percentage of lime. 

Peas are occasionally drilled in the autumn, but the practice 
does not gain ground, most growers finding that the crop does as 
well when sown in the spring. Peas are, as a rule, planted on a 
barley stubble whicli is broken up in the autumn, very commonly 
after the conclusion of the wheat- seeding. It is generally found 
that peas flourish best on a stale furrow, and that beans do best 
on a comparatively new furrow ; therefore in ploughing in the 
autumn, the pea land should be turned over first. Peas are 
sown at different periods, according to the varieties. The field- 
pea, of which there are several sorts, distinguished by bearing a 
blue blossom, should be sown as early as possible in the spring. The 
white peas and round blues, such as the Prussian blues, all of which 
l)ear white flowers, should be got in next — some time during 
February or March. The soft, wrinkled peas, grown for (julinary pur- 
poses, should not be sown too early in open field culture, and except 
for very early picking should not be put in until April, or, being 
tender, they will probably be injured by frost. 

Peas require a finely-prepared seed-bed, and should not be 
drilled when the land is at all sticky ; the more tender varieties 
require comparatively better seed-beds than do the hardier kinds. 
It is rarely advisable to plough pea land a second time, but it should 
not be trampled on while wet below the surface, or a fine under- 
tilth will not be obtained. It is better to delay the seeding than to 
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puddle the j^ound by tramping it too soon. If the land is harsh 
and unkind it should be stirred first with a scuffler, then with the 
drag-harrows, then with ^ht harrows, and, if necessary, reduced 
by rollers. If the land is in a mellow state the drag-harrows will be 
sufficiently heavy to stir it, and the lighter harrows will perfect the 
tilth. The seed should be drilled whilst the land is friable, and 
covered in by sufficient harrowings to render the peas secure from 
birds. 

Afteb CuXiTIVation. — Peas should be harrowed just as the 
shoot begins to peep above the ground. If used at this stage the 
harrow destroys many small weeds, and opens the soil immediately 
around the individual plants with beneficial effect. The crop 
should be harrowed and rolled when about three inches high, whilst 
hand-hoeing should be commenced early, and continued until the 
rows meet, and the hoes caii no longer be worked. 

Haevbstinq. — Peas should not be allowed to ripen before being 
out, or many of the pods burst, and the peas fall out during the 
turnings to which it is necessary to subject them while in the field. 
It is sufficient that the haulm should be yellow, and the pods tough 
and likewise of a yellow colour. All peas should be cut with a 
pea- hook, and should be worked up during the operation into small 
heaps or “ wads.” If the peas are mown by a scythe, the pods are 
liable to be cut open, or to be left on the ground on the base of the 
haulm. After the crop has lain in wads until these have become 
somewhat dried, the heaps must be turned over. From time tc 
time they must again be turned, especially in wet or dull weather, 
when, if not turned, they become mouldy both in the middle and 
at the bottom of the wads. If carted before they are in 
fit condition, they become mouldy in the stack. It is par- 
ticularly necessary that the softer or wrinkled varieties should be 
stacked in good condition, or a very large proportion of the peas will 
be spoilt. When they are being threshed, care must be taken that 
they are not split, or they will be useless for seed purposes. It is 
often necessary, especially with the softer varieties, to take off the 
steel bar from the beaters to avoid too hard hitting. A sack of 
peas (four bushels) should weigh 19 stones (= 266 lb.). Pea haulm 
is the most valuable of the straw fodders, and is particularly suitable 
when chaffed or steamed, for dairy cows and ewes. 

The yield of grain is from 30 to 40 bushels per acre, together 
with some 25 cwt. of straw or haulm. 

ROOT CROPS. 

Preparation of the Land for Root Crops. — This occupies to a 
greater oi less extent nearly every season of the year, although the 
time at which the work is most actively , carried on is during the 
seasons of autumn cultivation (immediately after harvest), winter 
ploughing and spring ploughing, to which may be added early 
summer stirrings, when the actual seed-beds are prepared. (See 
(Chapter III. on Tillage.) 
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The process of cleaning is much more easily effected when the 
first stirring or ploughing is done on dry land in dry weather. The 
comminution of the land is very difficult when it is in a wet con- 
dition, and the endeavour in bringing land to a tilth is to work it so 
that none oi the operations cause any portion of it to “ puddle ” or 
become annealed. When land is trodden upon or worked while it 
is in a wet or sticky condition it dries into harsh clods, and these 
clods, when reduced by force, as by rollers or harrows, do not fall 
down into a soft, mellow powder, but into small, angular particles 
which have not the power of retaining moisture during droughty 
periods. 

A special effort should always be made to prepare a piece of land 
for the mangold crop, for mangold is best sown in early spring, at 
a time when the perfect tilth requiiwl is often difficult to obtain. 
The most approved method of preparing the land is to choose a 
piece which is nearly, if not quite clean, and to fork out any small 
pieces of couch, so that the work in the spring may be directed 
solely to the obtaining of a tilth, without any hindrance being caused 
by cleaning. After the couching, the land should be dunged with 
long dung, and turned over in <lrv weather, when good working in 
the spring will he ensured. 

It is not advisable to hinder the spring seeding of the cereal 
crops by erapKjving the iiorses on the fallows ; consequently, until 
the greater portion of the corn is sown, it is not usual to do much to 
the fallows. If, however, the work is forward, the fallowing opera- 
tions will he made more easy if the land is ])loughed or seuffled in 
Match, provided th(‘ weather is favourable. 8t('am cultivators and 
steam drag-harrows are particularly valuable at this season, as by 
their use the greatest advantage from a short spell of fine drying 
weather can be obtained, inasmuch as a large tract can be worked. 

By using the.se heavy implements first, the horse- work is greatly 
lightened, as the most severe strain on tin* horses occurs during the 
lirst moving of the land. As the .season ])rogresses, the clean ing and 
tilth-preparing operations should proc(‘ed, and, if the dung lias not 
been got on during winter and the earli(‘r part of S])ring, it should 
be carted on whenever an opportunity should offer. Dung for roots, 
wdien apjilied in the s])ring, .should always he put on in a rotten con- 
dition, as the crop will spet'dily need to make use of it, so tliat there 
will be little possibility of its hatili/.ing ingredients being washed 
out befoi-e the plant can take them up. 

The method of preparing a tilth on the root iallous [las already 
been disc'ussed in the chapter on 'J’illage, hut a few further remarks 
on the sulijeet may here be added. 

The preparation of the land for the root eroj) must he carried 
out m such a manner as to result in the production of a d(H‘p mellow 
tilth. Where tin* land permits it, the furrow should he ploughed at 
least six inches deep, and the whole of the land which is moved 
should be made into a friable tilth. If the land is wet, and in a 
moist, sticky condition below the surface, a projier tilth cannot be 
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obtained unless the under side of the furrow is brought to the 
surface to be subjected to the disintegrating effect of the weather, the 
chief factors of which — rain, wind, sunshine and frost — all help to 
shatter the clods. If heavy land is turned up when wet, and great 
care is not exercised in its management, it is liable to aggregate 
into “ nubbly ” brick-like clods, unless there are a considerable 
number of alternating frosts and small showers to prevent this. Ai 
the same time, if circumstances permit, and the clods become quite 
dry, then, on being rained upon, they will lose their adhesive 
properties, and the particles will fall down to a fine mould. As it is 
uncertain, however, when the rain will fall, there is great risk in this 
latter process, as the season may become too far advanced before 
advantage can be taken of it, and the crop may not be sown soon 
enough to afford as large a yield as if sown earlier. The light frosts 
which often occur during spring are most useful, and should be 
utilized on all occasions. When frosts are likely to take place, it is 
advisable to stir the surface with harrows, so that a moist side of 
the clod may be brought under the influence of the cold ; and when 
the clods are in a frosted condition, winch may perhaps only last an 
hour or two after sunrise, a special effort should be made to move 
them, as they will break much more easily for being stirred while 
frozen. 

There is a large breadth of swedes and turnips sown in the north 
of England, where the land is not again touched by the plough, 
after the good stubble furrow wliicli has been turned over in autumn 
or early winter. The land is allowed to become thoroughly dry, 
and is then broken up by grubbers and harrows to the depth of the 
winter furrow. Thus the friable soil, which has been exposed to 
the action of frost, is kept at the surface to braird the turnips 
(i.c., to promote the grow'th of the seedling plants), whilst the 
moisture is likewise retained in a dry season. 

The cleaning and tilth -preparing operations for roots are carried 
out on practically the same lines as those recommended for autumn 
cultivation. As, however, fine seed-beds are required, the final 
operations must be performed more carefully and delicately, as 
there are fewer opportunities of correcting errors. Great care must 
be taken not to plough during wet weather, nor to harrow' the land 
wliile it is wet or irnmediatdy before rain, or it will run together, 
forming a paste on the surface, which, on drying, w ill set like cement, 
and destroy the tiltby properties of the soil, w'hilst a large amount 
of fresh work, entailing a corresponding loss of time, will have to be 
done. It is impossible to convey on paper the circumstances under 
which it is advisable to have the land harrowed down on the one 
hand, or rolled down on the other, when leaving it. Trifling con- 
ditions with regard to moisture, the amount of work put into the 
land, the weather present and prospective, and various other 
circumstances, have to be taken into consideration, and can only be 
decided upon by observation in the field at the time. Many crops 
oi corn and of roots are seriously rediiced in yield owing to the final 
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working being done by the harrow instead of by the roller, and 
vice versa. 

The general principles to be observed are that it is injudicious 
to leave the land rolled down when it is moist, or when rain is 
expected before the surface has become hazelled,” or dried into the 
light-brown colour peculiar to land freshly stirred. It is unsafe to 
harrow it while ver}^ wet, as it can hardly fail to set hard if it dries 
quickly. If the land is dry and puffy, so that moisture may escape 
before seeding is commenced, and before the moisture which would 
ascend from below by capillarity has had an opportunity of rising, 
it should be rolled in preference to harrowing. A good tilth retains 
moisture. If a tilth is fine it is able to draw up a large amount of 
water from below, but it must be sufficiently compressed for the 
particles of mould to touch one another on all sides, or the capillarity 
is weak ; therefore, very light dry tilths must be rolled. But if a 
tilth is consolidated while wet, then, instead of the particles being 
brought close together, so as to assist the upward flow of moisture, 
these particles will be, as it were, driven in amongst one another, 
forming a tough paste and destroying the capillarity, so that the 
soil on the immediate surface will receive no moisture from below. 
As, moreover, the soil will be losing it by evaporation from above, 
the moisture will so effectuaUy^ disappear, that any seed sown will 
be unable to germinate until rain falls. Want of judgment in the 
management of the final workings is responsible for the greater 
portion of the losses of plant in root crops, as well as the indifferent 
growUh of the plant when up The knowledge required can only be 
obtained by constantly witnessing, or taking part in, the opera- 
tions themselves. It is considerations of this kind which, though 
apparently trifling, make all the difference between successful and 
unprofi table fa rming . 

Seeding of Root Crops. — Root crops are sown on the ridge or on 
the fiat, according to the district and climate. The ridge system is 
that in which the land is laid up in ridges two feet three inches or 
n oro apart, and th(‘ seed is .sown along the top of each ridge. This 
IS })ia< tised chieliy in w vi districts or on heavy land, the ridge 
.sluK)ting off excessive moisture, which would otherwnse be injurious 
to the gT'owth of the The flat system is carried out in dry 

district>, and on light dry soils. The moisture is retained longer 
during dwiiglits than when the land is laid up in ridges into which 
the sun can ])enetrat(‘ It i.s u.siial to put the dung on the land at 
some time |)rf‘vious t(» the final preparations for the seed-bed, when 
the roots are to b(‘ drilled on the flat, so that it may become incor- 
porated with the soil ; but, in the case of the ridged land, dung is 
a])pli(*d just ]>efore the final ploughing. The land, already worked 
to a tilth, is ridged, and the dung is placed in the furrows ; the ridge 
is then spdit hack over the dung, thus forming a new ridge upon it, 
and on this the seed is afterwards drilled. 

Mangel Wurzel or Mangold. — This is the first root crop drilled. If 
the land is free from annual weeds, seeding may be commenced 
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much earlier than if these pests are abundant. If this freedom 
from weeds has not been secured — and it very rarely is — ^it frequently 
happens, during cold seasons, that the weeds grow more freely than 
the mangold, and the crop becomes so foul that it is impossible to 
clean it without cutting up the plants, so that it becomes necessary 
to re-sow the field. Therefore, though the first week in April may 
be looked upon as a good season for drilling mangold in one district, 
equally good farmers in another district would not put the seed in 
before the first or second week in May. Mangold does best on strong 
loams, though with lavish manuring it can be made to grow on 
almost any soil. It is a very difficult crop to raise, because of the 
trouble involved in getting a full plant. For this reason a little 
swede seed is frequently mixed with the mangold seed; if the mangold 
is a full plant the swedes are taken out, otherwise they are left to 
occupy the gaps. The transplanting of small-topped kohl rabi is a 
still better means of filling up such vacancies. 

A perfect tilth is necessary, and this when dried should be con- 
sohdated so that the seed can be deposited at a uniform depth. If 
I he tilth is loose, the moisture does not rise sufficiently near the 
surface to promote germination of tl e seed, which must not be 
deposited at a depth greater than from half-an-inch to one inch in 
the soil ; otherwise it does not come up at all. The final working at 
the time of drilling must be regulated by the dryness of the tilth, 
and the probabilities of rain. The seed is sown either without 
manure, with liquid manure, or with dry-compost manure, as, in 
fact, are the seeds of all the root crops. 

Although mangolds and turnips resemble one another as far as 
the cultivation of the ground is concerned at a preparation foi the 
crop, they differ considerably as regards their raanurial require- 
ments. The mangold may be described as a gross feeding plant, 
requiring a liberal aU-round manuring, containing the three essential 
ingredients of plant-food liable to run short in the soil — viz., nitro- 
gen, phosphoric acid and j)otash. It is therefore generally grown 
with heavy dressings of farmyard manure, to which additional 
supplies of artificials are frequently added. Mangolds possess a 
strong tap-root, which strikes deeply into the soil, so that they are 
able to keep themselves fairly well supplied with mineral ingredients 
during the growing period, but tliey have difficulty in obtaining 
sufficient supplies of nitrogen when making rapid growth. In 
these circumstances it is the custom to apply some quickly -acting 
nitrogenous manure, such as nitrate of soda, at tiie rate of one to 
two hundredweight per acre as a top dressing at short intervals. 
Artificial additions of phosphates and potash are also often added 
at the time of sowing the crop, and although the effect of these is 
not so marked as in the case of a nitrogenous manure, still it is a 
wise precaution on certain soils when bulky crops are being grown. 
On some land a dressing of common salt will be found to have a 
beneficial effect, and in these cases it will be unnecessary to use any 
extra supplies of potash. 
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Manurial experiments carried out in many counties during the 
last few years tend to show that moderate dressings of dung — say, 
12 tons to the acre — can be profitably supplemented with a suitable 
mixture of artificial manures in growing mangolds. 

Sugar Beet. — This crop is capable of being grown on a wide range 
of soils. If it is to be grown successfully, however, it is essential that 
the soil should not be acid. As a rule the lighter loams are to be 
preferred, provided they have sufficient depth, for the task of 
harvesting beet grown on very sticky land is always difficult and 
expensive. The lighter types of land are capable of growing 
moderate crops of beet with a high sugar content. Much sugar 
beet is also grown on fen soils, where very heavy yields may be 
obtained, though the sugar content is often low. On such soils the 
plant grows a high proportion of top ” to “ root,” hence small - 
topped varieties of high sugar content are here to be preferred, 
whereas on sandy loams a strong growing variety with large tops 
will yield more sugar per acre. 

Sugar beet is always grown on contract for the factory which is 
ultimately to handle it. As the grower is responsible for delivering 
the beet to the factory, which he does either by rail, road or water, 
the distance to the nearest factory is an important consideration. 
Another factor in choosing the fields on which sugar beet shall be 
grown is their proximity to a hard road. The carting of such a 
bulking crop long distances over soft tracks in wet weather is very 
expensive at best, and sometimes impossible. 

The seed-bed for sugar beet should be very similar to that 
described for mangel wmrzeLs. The field should have been cleaned 
in the autumn, farmyard manure applied, and finally well and deeply 
ploughed for the winter. Subsoiling is generally considered 
advantageous, particularly on soils which have a hard pan at or 
about the normal ])loughing depth . J 1 is very desirable to grow long 
w'ell-shaped roots, as distinct from “ fangy ” misshapen roots, and 
subsoiling will assist in tliis. 

Tl^e date of sowing is from the beginning of April until the middle 
of May. Frequently the area to be grown is divided into sections to 
be sown at two or three different dates, with ten-da\ intervals 
between tlicni. d'his is so that the whole of the acr(‘age should not 
come to the hoc at once. Th<' early sowing sliould lx* souk* variety 
not subject to l)olting. It is very important that tin jdaiits should 
he set out at an early stage* in their grow^th pr(‘leral)ly as soon as 
])Ossiblc after reaching the four-leaf stage. Notliiug is likely to 
reduce* the crops more than to allow the ])lants to he*come too big 
before they are singled. During the early summer the j)lants 
should be frequently hejed. 

Exjeerirnents point to the importaneje e)f the number of j)lants per 
ae're. It would af)pear that MU.OUO ])lants. j)er acTO is the ideal at 
which to aim. The common practice is to sow’ in drills from IS to 
22 in. apart, and to set the jilants out to a distane c of nine inches. 
In orele*]- te) do tliis nothing bigge-r than a six-iiie li Ime* must he used. 
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The usual quantity of seed to sow is from 15 to 17 lbs. per aerp. As 
with mangolds, it is by no means easy to get a perfect plant, and in 
order to assist germination, particularly in dry weather, various 
devices are employed, such as the use of seed which has been treated 
with sulphuric acid in order to dissolve the seed coat. On most soils 
sugar beet requires liberal manuring. In audition to farmyard 
manure a generous all round dressing of artificial manures should bt^ 
applied, this will often be composed of some such mixture as ; 

2 — 5 cwt. Nitrate of Soda, 

3 cwt. Superphosphate, 

1 cwt. Muriates of Potash, 

per acre, the w^hole being applied to the seed-bed l)efore drilling. 

After the sugar beet is harvested the tops are a valuable by- 
product. These, after they have been allow^ed to wilt for some ten days, 
make ^‘xcellcnt food either for sheep or cattle. If the former, then 
the tops are folded off on the land on which they grew. The latter 
involves carting the tops off the land, an additional expense. When 
feeding tops to cattle it is always advisable to feed some ground 
chalk in the ration. If desired the tops ’’ can be ensiled in a clamp 
or pit silo, to provide feed at some future date. 

Swedes. — These are the most valuable variety of the turnip 
family. The preparation for this crop is chieffy made in spring, 
and though the seeding commences in the early part of May in 
some districts, it is not begun until the second week in June, or even 
later, in many others. This is be(‘ause th(? early-sowTi swedes art 
specially liable to attacks of mildew, when grown on soils which 
soon become parched in seasons of hot, dry weather. If swedes 
have grown rapidly, and then reevive a .sudden check, the mildew 
attacks tbt'in, and may utterly d(‘stroy them. The early-sown 
swt^des siificr most in this resjiect, as they are less vigorous. When 
land is ridged, it is inconvenient to make the ridges of less width 
than about two feet three inches ; therefore it may always be 
understood that crops of roots drilled on the ridge are drilled that 
distance or more ajiart. On the flat, however, it is not uncommon 
to drill tluun as near as 18 in. from row to row, though two feet is 
the most common distance. 

Swedes and turnips differ from mangolds in being shallow-rooted, 
and therefore require their food in a soluble form near the surface. 
Phosphoric* acid is the ingredient they have' the most difficulty in 
obtaining from the soil, so artificial mixtures used for the swede 
crop should consist largely of phosphates in some form or other. 

Good crops of sw^edes and turnips can be grown with farmyard 
manure alone, but better results are gencually obtained by using a 
moderate dressing of dung supplemented with some quickly-acting 
phosphatic manure, such as superphosphate of lime. Such a 
dressing would consist of some 10 tons of dung per acre, put on 
beforehand, together with three to four hundredweight of super- 
phosphate sown at the time of drilling. It is to be remembered, 
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however, that in the north of England larger quantities of artificial 
manure are used for the root crop than in the south. In some 
arable districts, such as the Cotswold Hills, many acres of swedes 
and turnips are grown with artificials only, without any dung, and 
in such cases the usual dressing consists of some four hundredweight 
of superphosphate per acre, together with half to one hundredweight 
of nitrate of soda or sulphate of ammonia. Where the soil is 
naturally deficient in potash, from two to three hundredweight of 
kainit may also be allowed in addition. 

Turnips. — There are several distinct varieties of turnips, and 
there are almost innumerable selections of these varieties, which 
are very similar in everything but their names. These can be sown 
so as to provide food from July to Christmas or later, if advantage 
is taken of the early maturing and frost-resisting properties 
possessed by individual varieties. If sown very late in the summer, 
they will resist frost, and throw up sprouts in the spring, which are 
very valuable as sheep or lamb feed in February and March. A 
good tihh is necessary, and the earliest varieties may be put in 
during April ; but, for a main crop. May and June are usually the 
V)est months. Seeding may continue on the bastard fallows, and 
after green crops generally, until the middle or end of August. The 
stubbie turnips, if s^)wn at the latter date, are fit for feeding in the 
autumn. It is not an uncommon practice to sow the stubble 
turnips broadcast, but all early- sown varieties should be drilled in 
order to allow pro|)er opportunities for hand -hoeing and horse- 
hoeing. 

Carrots.— -These roots grow best on hght soils free from stones. 
If grown on heavy soils they are troublesome to dig up, and so much 
earth adheres to them that washing becomes tedious and expensive. 
As the young plants have very small tops, the crop is not suited to 
weedy land, for in cold seasons the weeds overgrow the carrots, so 
that it is practically impossible to separate them. A h‘w oats are 
sometimes mixed with tlu* carrot seed before drilling, as they help 
to show up the rows after germination. A fine tilth, prepared by 
the land being jdoughed and dunged during autumn, and well 
stirred just befoiv seeding, is necessary ; and the seed should be 
drilled, in March or April, in rows from 12 to 18 in. apart. About 
six to eight pounds of seed per acre is required, and before sowing 
it should be well rubbed and mixed with dry sand or ashes, so that 
it will not clog in the drill, but will fall freely int/) the drill-rows. 
It should be harrowed in with hght harrows, and not covered with 
more than an inch of soil. Carrots are particularly valuable as 
food for horses and dairy stock. 

In .some districts a small quantity of carrot seed is sown with 
the mangold crop, as the carrot will often stand wln^n* the mangold 
tails, and it grows w^il in association wnth mangold. 

Parsnips.— These roots grow more freely tJian carrots, and 
though they recpiire good preparation of the soil, their broader tops 
are better able to gr(A\ aw^ay from weeds. The seed should he drilled 
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in February and March, about six to eight pounds per acre, in rows 
a foot apart. 

Subsequent Cultivation of Roots. — For this purpose the disc hoc 
is ideal (p. 55). The horse-hoes should be put to work as frequently 
as possible, until the roots get so big that the horses cannot walk 
along the rows without injuring them. 

The manual labour consists of flat-hoeing — often dispensed with 
in the case of swedes and turnips — with a broad hoe alongside the 
rows, to clean such places as the horse-hoe misses, and of “ singling, * 
to set the plants out at regular distances, and to separate the plants 
so that there shall not be more than one standing together. Singling 
should commence when the plants have a width of about three or 
four inches across the leaves. The operation is rarely done per- 
fectly at the first attempt, and it is usual for it to be done twice. 
Where the rows are placed about 18 in. apart, the plants may be 
left from 14 to 16 in. iiom centre to centre ; on widths of two feet 
three inches, a space of 11 in. is suffici(mt. In some localities, roots 
are hoed into bunches, and afterwards singled by hand by women 
and children. 

Harvesting of Roots.^ — Swedes are got up in the autumn for 
storage in the field where they were grown, or they are carted to the 
homestead. When stored, the roots should be carefully covered 
with a layer of straw several inches in thickness, and over this a 
layer of earth some few inches deep should be placed to keep out 
wet. 

The mangold crop is harvested some time in October or early 
November, when the leaves turn yellow, as it is very susceptible to 
frost. The roots should be injured as little as possible in lifting 
to prevent bleeding, and the tops are (uther cut or twisted off. 
After remaining a day or tw^o on the surface to dry. they are carted 
to the pit or clamp, where they are carefully stacked together, and 
then covered first with a layer of straw and then with a layer of 
earth to protect them from the* weather during the winter. A 
v(‘ntilating shaft, consisting of a bunch of straw or a drain-pipe, 
should be inserted at a distance of every six or eight yards. 

Sugar beet are harvested in October, November and Decembei’, 
the factory usually irrsisting that deliveries be equally divided over 
the three months of the ’ campaign. ' 

It will be found tiiat as a rule the yield of sugar ]>cr acre gradually 
rises to a maximum in November. sub.se(ju('ntly decreasing. 

The first operation con.si.sts in lifting the roots. TIicn are too 
firmly fixed in the ground to allow of this being done by hand hence 
some special tool is used, generally a beet-lifting plough,'’ to loosen 
ih(" beet in the soil. They are then pulled by hand and knocked 
together to remove as miuh of the adhering soil as possible. The 
beet are next carefully topped, not only the leaves but the whole 
^ croAvn ” being removed. Finally the beet are thrown into small 
heaps to be loaded and delivered to the factory as opportunity occurs. 

Turnips are not usually stored, as, being soft, they are easily 
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gnawed by sheep. When required for cattle they are pulled in the 
same manner as swedes. 

Carrots must be dug with a fork, and stored in a similar manner 
to swedes. 

Parsnips may be left in the land until required, as they with- 
stand severe frost. They, however, must also be dug. 

CRUCIFEROUS FORAGE CROPS. 

Rape. — This is very similar in its management to turnips. 
Occasionally a small area is sown in March to provide early sheep- 
keep in July. This is generally left, after feeding, to produce a 
second crop in spring. There are two varieties, the Dwarf and the 
Giant. The Dwarf is usually grown on thin chalk and other light 
soils ; the Giant is more commonly grown in the Fens, where it is 
sown broadcast or drilled in June, and fed off in September. The 
greater portion of the Dwarf rape is grown on land which has carried 
an autumn-sown catch-crop, and is drilled in May and June, at the 
rate of about five pounds per acre, in rows 15 in. apart. 

Kohl Rabi, Thousand-headod Kale, and Red and Green Cabbages. 
— These all belong to the same family, and are a very valuable 
addition to the green forage crops of the farm. The chief ^vantages 
they possess over turnips are that they are not so liable to turnip- 
sickness and allied diseases, they are less affected by drought and 
frost, they are very nutritious and rarely upset the health of young 
animals, and they may be eaten at any stage of their growth with 
impunity. They also not only stand trans})lanting, but grow more 
freely as a consequence, thus affording longer time for the fallowing 
operations. Being in the first place grown in small compact seed- 
beds, they are more under the control of the grower, who is able to 
defend them from insect attacks with greater success. 

TRANSPLAN'iTN(i. — When cabbage, thou .sand -headed kale, and 
kohl rabi are raised in seed-beds, they may be transplanted at various 
times, so that a .suf)ply of green fodder is available without inter- 
mission throughout the year. The seed-beds should he sown in 
Marib, April and May to produce plants for trans|>lanting through 
summer, and in August for autumn and spring transplanting. Kohl 
rabi should h(‘ grown in the syiring seed-bed only, the other varieties 
may be grown in the autumn seed-bed also. By transplanting 
cabbages and kale from the autumn beds, a supply of green food 
may be relied uj)oii to be fit for feeding from duly to Christmas. 
Kohl T’abi from the sj)ring beds, transplanted m May and dune, is 
fit for feeding from December to March , kale transplanted in 
summer is at its best from March to dune. The cabbage tribe 
flourishes paiticularly well on heavy land. The 8eed-l)eds should 
be carefully prepared, as a fine tilth is necessary, and the seed 
should be harrow^ed or raked in lightly. 

When plants are transplanted they are set out at various dis- 
taiK^es, according to the land and the variety of plant. Small early 
cabbages may he placed out at a distance of two feet apart in each 
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din?ction ; drumheads and red cabbages are best planted from two 
feet six inches to three feet apart. 

The above crops may also be drilled in the field in the same way 
as turnips, and afterwards thinned out with the hoe to the required 
distances apart. Thousand -headed kale can in this way be sown 
in March or April for use from October to March, and in August for 
late spring and summer feed. Drumheaded cabbage is often drilled 
in the spring for late autumn and early winter use. 

White Mustard. — This is frequently grown as a catch -crop dunng 
summer, with the object of providing green food for feeding of! 
towards autumn. Some 15 lb. of seed per acre are generally sown 
broadcast after a fine seed-bed has been prepared. 

LEGUMINOUS FORAGE CROPS. 

Vetches or Tares. — These are sown principally with the object 
of providing keep for sheep, and green fodder for cattle and horses 
in spring, although they are sometimes taken as a crop for seed. 
They generally follow a white straw crop of some kind, and in light 
land districts they are often grown as a catch -crop between two 
main crops in the rotation. There are two varieties, “ the Winter ” 
and “ the Spring.” the former of which is sown in the autumn and 
will stand the wdnter. By sowing at suitable intervals a succession 
of green food can be arranged on the farm for a large part of the 
year. The }>reparation of this crop is simple, a piece of corn stubble 
being ploughed after a dressing of farmyard manure has been 
applied and .spread. The seed can then be broadcasted and merely 
harrowed in, or the land can be harrowed down first and the seed 
afterwards drilled at the rate of two to three bushels to the acre. 
When broadcasted rather more seed is generally used. 

The crop, when ready, is generally folded off with sheep, the 
autumn- sown crops usually being fed off in May, and the spring- 
sown later in the summer, according to the date of sowing. When 
growm for seed the crop is c\it and harve.sted in a similar manner 
to peas. 

Trifolium or Crimson Clover. — This is sown in the autumn as a 
catch -cro]) for spring and early summer keep. The cultivation is 
more simple than that required for any other crop, a corn stubble 
after harvest being merely well scratched with the drags, the seed 
then broadcasted on the surface, harrowed in, and finally roUed. 
No advantage is gained by a more thorough cultivation for this crop, 
as, although it requires a fine seed-bed on the surface, it likes the 
land quite firm and tight underneath. Ploughing, in fact, would 
have an injurious effect on this crop by rendering the soil much 
too loose, so that it would be impossible to get an even plant. 

Lucerne. — The cultivation of this plant has increased consider- 
ably during recent years. It is a valuable crop on many soils, 
eapeciaUy dry calcareous loams, such as those overlying the chalk, 
where, owing to its deep roots striking into the interstices of the 
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subjacent rock, it is able to obtain moisture, and throw up 
abundance of green food in a dry season. It does not do so well on 
soils where the subsoil is stiff and inclined to be wet. 

Lucerne is sown either by itself or with a corn crop, with the 
object of remaining down a number of years. The best results, 
however, seem to be obtained where the crop is sown alone. Which- 
ever way the crop is sown, the land chosen for the purpose should 
be in good condition, and a fine seed-bed should be prepared which 
is free from weeds. On soils in districts in which the crop has not 
been grown previously it is advisable to inoculate the seed before 
sowing (p. 403). The seed is best drilled in row^s at about a foot 
apart, so as to give an opportunity of cleaning the crop during its 
growth, for without hoeing the plant soon gives place to weeds. 
It is sometimes the practice to give an old lucerne ley a sharp 
harrowing in the wdnter with the heavy harrow^s, and this rough 
treatment seems in many cases to benefit the crop by stirring the 
soil around the roots. Lucerne is generally cut green for soiling, 
and after it is established several cuttings may be taken during the 
summer. Th^ number of years a lucerne ley will stand wnll depend 
upon the length of time it can be kept free from weeds, which wnll 
eventually grow' up and smother it. It must then be broken up. 

Sainfoin. — This is a crop of great importance to the flock - 
master, especially on limestone soils, such as are found on the chalk 
and oolitic formations. It is very similar in its habits and cultiva- 
tion to lucerne, and also, owing to its dee]) roots, it is able to resist 
drought It is generall}" sown about April wi^h a corn c‘rop follow- 
ing roots fed off with sheep. Imj)ortancc should be ])aid to having 
the land quite dean before the seed is sown, otherwise there is a 
chance of the young sainfoin being choked by w'(‘ed3. 

Thr seed is commonly drilled in the husk in the “ rough ” or 
unmillcd ” state, as it is called, at the rate of about a sack or four 
bushels to the acre Sainfoin is usually cut for hay th(‘ year after 
the corn crop is df^ared, and the method of .securing th(‘ ero}) is the 
same as for dover hay. There arc two varieties of sainfoin, the 
Cornmoii,” which is us(‘d for lorig h‘ys, and tie- Li-ei'ch or (iiant 
variety, which is sljort-lived and only la.sts twn y(‘ars. 

Sainfoin leys ar(‘. generally allowed to remain down from five to 
seven years, in soriu* eases long<*r, the length of time being deter- 
mined l)y the growth of weeds, w'hich, as in tie- ease of lucerne . 
finally g('t th(“ mast (My. 

Land which has re(;ently grown sainfoin seems, in some ]KMMiliar 
way, to becom(‘ heartily sick of the ero}», and it is impossible to 
grow" it again .successfully on thc‘ same soil till a numlxM' of ycMirs 
have dayised. 

Sainfoin is a most valuable eroji to wean lambs upon, and in 
certain sumim-rs, when tlie lambs do not seiMn to make headway on 
any of the other forage crops of the farm, and they are troubled 
with scouring, a change to a sainfoin ley will often have a beneficial 
effect, and they will begin to pick uy) lu condition and lay on ilesh. 
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Both lucerne and sainfoin are crops more particularly suited to 
the warmer and more genial climate of the south of England. 

Trefoil, Yellow Clover, Nonsuch, or Black Medick (Medicago 
lupulina). — This is a plant that will grow on almost an}^ soil, but is 
specially suited to poor soils in dry climates. It is therefore com- 
monly grown in mixtures of grasses and clovers on thin limestone 
soils, but on some of these soils, where it is indigenous it assumes 
the character of a weed. 

Clovers and “ Seeds.” — Clovers, and mixtures of clovers and 
grasses intended to take a place in a rotation, are almost always 
sown in amongst cereal crops, very often at the same time that the 
corn is sown, but occasionally after the corn has made some pro- 
gress in growth. On the other hand, they are but rarely sown on 
land which is not to carry a corn crop concurrently with them, for 
“ leys,” or ” seeds,” as they are commonly termed, req\iire to be on 
the land a full year before they are fit to feed. Although there is 
occasionally, during the first year, some little growth w^hich may be 
fed, yet it is not sufficiently reliable for the crop to be sown w'ith 
that object in view. Tlie mo.st common clovers grown in rotation 
are red or broad clover {Trifolium pratense), cow-grass (T. praieme 
perenne), white or Dutch clover (T. repens), alsike (T . hybridum), 
and trefoil (Medicago lupxdina). All these are sown in one and the 
same manner. 

Seeding. " When sown in wheat, barley, or oats, which have 
aj)peared above ground, ” seeds ” may be broadcasted on the sur- 
face with a seed -i)ar row’, and are then harrowed in very lightly with 
the lightest seed -harrow's, or wdth a horse-rake. The horse-rake is 
preferable on loose land, as it can be set so that too much of the 
surface soil is not disturbed, thereby preventing an excess of earth 
being thrown upon the seed, w’hich cannot successfully germinate 
if buried to a greater dej)t)\ than about half an inch. The harrows 
are most u.seful wlien tlie land is firm, as i.s frequently the case wffie^re 
wheat is being grown. The st'ed may also be drilled with a light 
seed-drill, greater regularity of germination being secured than by 
broadcasting. But. as tin* plants stand thickly in rows, they have 
not quite so gO(Kl a (‘hanc(‘ of growing at subs(Mpient ptuiods. for 
tliey crowd one another. When drilled w’ith a small ('oulter drill. 
s('(‘ds art‘ best rolled in. 

The seevling of clovers is often effected before the cereals are up, 
and th(‘v are then harrowed in during the final harrowing of the 
bark‘y or oats. This is not alw-ays advisable, as sometimes the 
iaml caps,” or forms a hard surface on the top, whic*h is injurious 
to both th(‘ corn and tlie clovers ; and w’hen the clover has gei - 
rninaU'd it is im])ossible, w'ithuut de.stroying it, to stir the land 
P'or this reason it is most usual, on wet land, to sow the clovers just 
as the barky is appearing through the soil. Where the land is much 
troubled with annual weeds it is wiser to postpone the sowing of the 
clovers until the corn has been hoed, and the usual custom in such 
cases is to sow the seed shortly before h ^emg, S(^ as to cover it in 
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during the process of hoeing, harrowing being then unnecessary. 
When rye grass or other grasses are sown as a mixture with clovers, 
the seeding is often effected in two operations, in order to avoid 
undue proportions of seed in different parts of the field. This is, 
indeed, necessary when the seeds are drilled with a brush-drill, or 
sown with a seed-barrow, but not when they are put in with a cup- 
driU. 

When land is too frequently cropped with clover it becomes 
clover-sick, and is unable to carry the plant to maturity, as the 
crop dies off during autumn and wrinter. Its destruction is due either 
to a. fungus (Sclerotinia trifoliorium) (p. 378) or, not uncommonly, 
to an eel worm (Tylenchus). A deficiency of lime and potash 
is conducive to clover -sickness ; therefore, where there is reason to 
believe that these substances are lacking, they should be applied in 
the most convenient form in which they can be obtained in the 
locality. The surest method of preventing the disease is to refrain 
from growing red clover too frequently. This is best arranged by 
forming a sub-rotation of clovers in the general rotation. Thus, if 
red clover is taken in its proper position in the rotation, but cow- 
grass or white clover is sown in its place four years after, and alsike 
grown four years later, then red clover again four years subse- 
quently, red clover will only be on the land once in twelve years, 
and a plentiful supply of sheep-keep will be provided with less risk 
of clover-sickness. In some localities a mixture of alsike and white 
clover is sown when red clover is omitted . 

After Management. — The after-management of the “ seeds ” 
crop is very simple. If the land is loose it is necessary to compress 
it in the autumn, by means of rollers, or by the treading of sheep ; 
but “ seeds ” must not be fed too hard with sheep at that season. 
Sheep are the most pjerfect compressors of the soil, as they ])inch 
the mould around the roots, whereas other forms of ])resHure are 
usually applied in broad sections, which cannot fit into the 
inequalities of the land. Sheep should not be ]>ut on heavy land in a 
wet autumn ; but it is not often tliat clovers and “ seeds ” n^quire 
consolidating during such seasons. The '' seculs ” should b<* rolh^d 
in the spring, and, if it is iiitended that the crop should be con- 
verted into hay, loose stones should be y)icked off the land, or they 
will prove troublesome at hay-time. 

CULTIVATION OF POTATOES. 

Potatoes are a field croj) of considerablf' importance in certain 
counties, such as Cheshire and luncolnshire, j>art.s of Yorkshire and 
Lancashire, and also in (HTtain districts in Scotland and (dscwhere 
Although potatoes an* often referred to as a “ root crop," tlu'v are 
not roots at ail from tlie botanical ])oint of vi(‘w, but th(5 tubers are 
enlargements of underground stems, w’hi(*}i are stored with reserve 
food materials, to be us(‘d in carrying f)!i future growth. Fresh 
plants are obtained by a vegc^tative growth or develoj)ment from 
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the buds, or eyes, contained in the tubers, and thus the potato 
differs from other farm crops which reproduce themselves by a 
process of fertilization and the formation of seed. The potato, 
however, makes a fresh start each year from the tuber, which is 
really a portion of the old plant that has died down the preceding 
year. For this reason a new variety of potato generally begins to 
lose its vigour after a few years' growth, a.s is shown by a falling off 
in the yield and the crop becoming more susceptible to attacks of 
the potato disease {Phytoj)hthora infestans). Suitable changes of 
seed from time to time, as regards soil and climate, will help to 
prolong the life of a variety, but on an average this does not last 
more than from twelve to twenty years, and often less. Taking 
the above considerations into account, it is of importance to the 
growtT to discover which varieties of potatoes are best suited to any 
particular soil and district, and thus to increase the productiveness 
of the crop. Potatoes may be divided into early, second-early 
or mid-season, and late, according to the time they are ready to 
harvest. One of the most profitable branches of potato culture is 
that of growing early potatoes, provided they can be got ready very 
early in the s(*asoii before the great glut of new potatoes from abroad 
and els(‘where floods tin* markets of the Tnited Kingdom. Certain 
conditions, however, are necessary to be successful in tlie cultivation 
of early ])otat()es. One of thesi‘ is a suital)le climate, free from late 
spring frosts ; another is a deep, warm, well-drained friable .soil, 
ca})al)le of Ixdng h(‘avily manured. Methods must al.so be made 
use of to hasten tin* growth of the crop, such as putting the seed 
tubers into shallow trays or boxes, and allowing them to sprout 
previous to planting. In this w'ay a growth is taking place in the 
box before th(' tuber is planted, and thus the grower can afford to 
wait a week or two longer for suitabk* weather before planting out 
in the field. A good deal of care and judgment must be used with 
regard to the regulation of light and temperature in the building in 
which the boxes are stored ; the object l>eing to obtain strong, 
vigorous green shoots on the ])otatoes which will not easily break 
off. If the boxes are ke{)t in the dark and at too high a temperature, 
long, weak, s])indly shoots will be produced, wliieh easily break off. 
Exposure to light and reduction of temperature wdll counteract this 
tendency. Without the above necessary conditions the growing of 
early potatoes will be a very precarious business. 

Potatoes flourish best on deep loose friable soils, such as the 
lighten loams, especially when they contain a fair amount of organic 
matter. P(X)r sandy soils, if heavily manured, will grow good crops, 
provided there is a sufficient rainfall, and even heavy clays, if suit- 
ably treated, may be made to grow them successfully. 

Big crops are often obtained from recently broken np grassland, 
and the potatoes seem to revel in the mass of decaying vegetable 
matter derived from the old turf. Some of the choicest potatoes 
are raised on the old red sandstone and the marls and sands of the 
trias ; those grown on the greensand are generally of good quality. 
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and most of the light, mixed, gravelly loams produce high-class 
tubers. The rich fens and warp deposits yield immense crops, very 
good for change of seed, but the quality for eating purposes cannot 
be depended upon. Some heavy soils grow fair crops of potatoes, 
but as a rule these are not suited to strong clays with retentive sub- 
soils, and it is often almost impossible to dig them on these soils in 
a wet autumn. 

The question of cultivation is a matter of very great importance. 
Although the methods may vary somewhat in different districts and 
on different classes of soil, there are a few points which are essential 
everywhere. In the first place, the land must be thoroughly worked 
to a good depth, and it is necessary that the crop should be moulded 
up two or three times during its growth. Where grown as a field 
crop, potatoes, as a rule, take the place of roots and follow a grain 
crop of some sort, often oats. The land may be ploughed lightly in 
autumn and worked so as to remove any couch near the surface, but 
in any case it should receive a deep ploughing before the end of the 
year, so that the furrow may be exposed to the beneficial action of 
the winter’s frost. It may be necessary in some cases to plough 
again in spring, but this will all depend uj)on (‘ireumstances and the 
state of cleanliness of the land. Farmyard manure may be applied 
in the autumn before the wIiiUt jdoughing, or may be sjiread in a 
short or rotten condition in the furrow in the s])ring. This latter 
method is generally followed on light sandy .soils with porous sub- 
soils, where there is a fear of a large proportion of the manure being 
lost by washing into th(‘ sub soil if a[»j)lied too early. 

Potatoes are grown on tint ridge or on tlu* flat, m tlie saim^ 
manner as roots. When on the fiat the rows are generally 20 to 30 
ins. ajiart, and a distance of 12 to 18 ins is allowed hetwe(*n the 
sets ; on the ridge the distance from row row' is 24 to 30 ins. 
ami the sets 10 to Jo ins., acccmiing t<» varietN . 

The method of {Wanting on the ridgf^ is generally adojited in the 
damper ehmates of the north and W(\st and (u the heavier soils. 
w'Uereas th(* fiat system is nK>re often followaai on the drier soils of 
the south and east where the rainfall is less. 

The preparation of the .seed-bed is similar to (hat for roots 
When gnming on the ridge, tin* land, after it has Ixsui deeply worked 
and suff](;ieiit mould has lieen obtained, is set up in ridges, as soon 
as the ground is dry enough in spring, by means of tin* double- 
breasted or ridging plough. The manure carts then followy and the 
dung, in a rotUui state*, is thrown out into small heaps, whi(di are 
afterwards teased out by means (if forks along iJu* fnrr(iWM. Any 
artificial manure used is IIkui generally sowm over (lie dung, and the 
sets are then jilaeed in the furrow' at thi‘ reipiinal distances apart. 
After this the dou)>le-breasted plough splits the ridges, tlni^ (‘(naTing 
up the s(‘ed sets and the manure, and enclosing them in the centres 
of the newl y -form <*d ridges. 

When grown on the fiat the potatoes may eith(‘r bt* ploughed in, 
the seed tubers being set in every third furrow and then eovereci 
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with the ordinary plough, or the system of “ holing in ” with the 
spade may be adopted, in which case the land is first reduced to a 
tilth. In this latter case the land is marked out in lines across the 
field, and a man with a spade makes holes at regular intervals along 
the rows, a boy who accompanies him dropping a potato into each 
hole as it is opened. They then return, the man making holes on a 
line parallel to the first, and as he does this he fills in the previous 
holes so as to cover the potatoes ; in this way the whole field is 
planted. Potatoes may also be planted by dibbling them in. The 
dibble is a thick stick pointed at one end, with which holes are made 
in the ground, the potatoes being dropped into the holes and after- 
wards covered with earth. 

During its growth the crop must be kept clear of surface weeds 
by means of continual hand-hoeings and horse-hoeings, and it is 
often advisable, especially when growing on the ridge, to commence 
by running the light harrows over the surface, so as to break 
any crust which may have formed, and also to destroy annual 
wc^s. 

When the tops are some 8 to 10 in. high, it will be necessary to 
earth up the rows by means of the moulding plough, and this will 
also have to be done a second, and perhaps even a third, time during 
the summer. 

The selection of seed is a matter of great importance (^ee 

p. 102). 

With regard to the best size of seed to use, medium sized set^ 
which will pass through a Ij in riddle, but not through a H in., 
will be more profitable to plant than either very large, or very small 
ones, although large sets will give a l>etter yield. 

It Is usiially the practice to cut large seed-tubers, at least two 
eyes or shoots being left on each 5K*t. The results of recent experi- 
ments, however, tond to show that there is not much difference in 
the yield between planting whole and cut sets, when the same 
weight of seed is used per nvre. It is a mistake to cut early and 
white- blossomed varieties, as these potatoes are more delicate and 
liable to decompose when cut. 

The usual time of planting is from March to the beginning of 
May, according to the season. I'he early varieties should be planted 
first, the second -early next, and the main crop last. 

From 12 to 15 cwt. of seed, according to the size, is the amount 
usually required to plant an acre, although in the potato -growing 
districts the quantity of scihI used per acre is often greater than this. 
Potatoes are a surfacte-feeding crop, and require a liberal all-round 
manuring, (containing the three ('ssential ingredients — viz., nitrogen, 
})hosphoric acid, aiul ]>otash~ to ensure an abundant yield. 

Manurinu. (lood crops may b(‘ grown with artificials alone, 
without dung, especially after ' seeds ’’ or an old turf, but a dre.ssing 
of farmyard manure is generally considered Jiece^sary for the early 
varieties. 
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Potatoes require plentiful supplies of potash for their starch 
development, and where a mixture of artificials is used it should 
contain a fair proportion of some potassic manure. 

When large dressings of dung are employed artificial manures 
are not essential, but it is now considered more profitable to use a 
moderate dressing of dung — say, 12 to 15 tons to the acre — and 
supplement it with a complete mixture of artificials (p. 162). 


(.’HAPl^KR X. 

SEED KATE AND SOWIN(;. 

In the chapters on farm crops are given typical methods of sowing. 
These are necessarily the normal methods followed under average 
conditions. Now average conditions are purely hypothetical. 
Between district and district, field and field, season and season, 
and in the many other circumstances affecting crop production, 
there are wide variations. It is largely by ability to understand 
these and to modify practices accordingly that the successful 
farmer is distinguished. No words can describe the many and 
subtle variations wlikh influence the practices involved in sowing. 
They become known only by experience. But certain principles 
have emerged from a(;cumulated farmers’ experiences and fnitni 
investigations and it is with these this (;hapter deals. For the 
student there are some cardinal points with which a study of scilmI 
rate and sowing should commence. 

There are usually a number of somewhat different, practicable, 
ways of getting any crop sown. In other words, sowing is flexible 
and offer.s scopes to enterprise. It is not always from the most 
elaborate procedure that th(^ best results come. Probably one of 
the simplest of sowings is that (unployed by Arabs for wheat in 
parts of Iraq. After the first rain, at the end of the long “ hot 
weather,” the soil in large, shallow', natural depressions, becomes 
a net work of cracks. Wheat is dropped by hand into these cracks. 
The second fall of rain covers it in and sowing is completed. 

In the sj)ecial circumstances no better and in any circum- 
staiK^es no lazier — method could be emj>joyed. Occasionally in 
hmgland, (extremely simple wheat sowing is jiractiscnl on very 
heavy, wet soil. An old clover ley may he broken by steam ploughs ; 
the drill follows close behind travelling in th(^ directioji of the fur- 
rows ; then come the harrows in the same direction. Wdiat was 
an 8-10 acre old ley in the morning is by the evening a wheat 
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field. H6r6 is an interoatuig eumple of modifying normal 
practice to meet special circumstances, among which ar« financial 
straits and the difficulty and often the undesirability of actually 
tilthing really heavy land for winter com. 

To wrest from any field the full crop which soil and season make 
possible, it is essential to ensure a full and even plant. Recent 
experiments, which will be described in a later passage, have given 
definite proof of this. Now from these same experiments it is clear 
that a full and even plant depends, with most crops, primarily on 
the seed and the operations involved in sowing. 

Sowing is, inde^, the crop’s start in life. Once the seed is in, 
relatively little can as a rule be done to improve the physical 
condition of the soil. Moreover, it is the circumstances of sowing 
which control early growth and this in turn largely predetermines 
the whole future development of the crop. In one series of experi- 
ments on wheat the seeds were carefully sown by hand in holes 
made at regular intervals by a special sowing iron. The life-long 
history of every plant was recorded. Some 80 per cent, of the 
seed germinated in a 3-day period (about 21 days after sowing), 
the remaining 20 per cent, germinated at intervals during a period 
of 14 weeks after the before- mentioned 3 days (most of them 
germinated in the first 10 days of the 14 weeks). Observations 
were made periodically throughout life upon rate of growth, upon 
leaf formation and upon tillering. Without exception the plants 
from late germinating seeds were less developer 1 at every observa- 
tion period than the others, and at harvest their average yield was 
only 65 {>er cent, of that of the others. Thus the loss in potential 
yield associated with late germination was about 7 per cent, on the 
whole crop. From such a loss on carefully managed plots we may 
probably infer that in the field the sacrifice is 15-20 per cent, of 
the full potential yield. 

Now these later germinations were brought about partly by 
seed defects (discuss^ below) and partly by locally bad sowing 
conditions. It follows therefore that in seed and sowing lie some 
of the secrets of high yield. 

Farmers work for profit. In choosing seed and deciding upon 
sowing procedure, therefore, the criterion must always be the 
effect likely to be produced upon the net monetary return per 
acre. 

Success in sowing depends upon the seed and the seed rate ; 
upon the inherent properties of the soil ; upon the preparation of 
the seed bed — and into this the timing of operations largely enters ; 
and upon the mechanical perfection and skilful use of the drill. 
We must discuss these factors, but it may bo helpful if we first 
make a broad survey of the sowing of the common crops. 

To the beginner it is very confusing to read, for one crop after 
another, the details of seed rate, time of sowing, depth of sowing, 
etc. It will assist him to consider the broad facts into which these 
details condense. For this purpose Table I. has been prepared 
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TABLK I. CSOWINU XJ/t.xn. 



Time 

Time 

Seed Bate 

Weight of 

Yield 

Diatam 

Crop. 

of 

of 

per 

1 bushel 

per 

arart 
0 jRois 


Sowing 

Harvest 

Acre. 

of 8ee<l 

Acre 

Wheat ; 





( 32 bush. 


Winter varieties 

Oct. -Dec. 

Aug 

2-3 bush. 

] 63 ib. 

' grain 

I 30 cwt. 


Spring varletieH 

B'eb. -April 

Sept. 

3-4 bush. 







' straw 

I 

Barley : 





1 33 bush 


Winter varieties 
Spring varietieti 

Oct- 

Feb.-March 

Aug 

Sept. 

j 2J-3 busli 

lb. 

! grain 

1 23 cwt 

1 

• 7'-0‘ 

Oats : 

Winter varieties 

Oct -Nov. 

July-Aug. 

2i-3 bush. 

[ 42 lb. 

1 strav 
, 34-40 bush 
27 cvt. 

1 straw 

I 

1,- a. 

Spring varieties 

Feb. -April 

Aug. -Sept. 

3-5 inish. 

r-“ 

Rye; 





1 25-30 cwt . 


Winter varieties 
Spring varieties 

Sent. -Oct 
Fen -March 

1 July-Aug. 

2-3 bush. 

:.4 lb. 

grain 
j 36 cwt. 

1 

7' 9 





' 

' straw 

1 

For feeding off 

Aug -Sept. 

April June 

4 bush 

54 lb. 

— 


Beans : 





, 30 bush 


Winter varieties 

Oct. 

Aug. 

2-3 bush 

j 03-60 lb. 

' grain 

20'-- 

Spring varieties 

Keb.-March 

Sept. 

3-4 bush 

1 25 cwt. 

’ straw 

1 SO bush. 


I 

) 

Peas (B'ield) 

B^eb -March 

Aug 

2-3 bush. 

63-65 lb. 

’ seed 
j 20 cwt. 

20-- 

Vetches ( - Tares) 





' straw 

1 25-30 busli 

1 

Winter varieties 

Oct. 

[ July 

3-4 bush 

64 Ib 

' seed 

i 

Spring varieties 

B'eb -March 

I 25 cwt. 

7'--l 






^ straw 

1 

SAIKfOm" 

) 


1 4 bush 

30 lb. 

. 


Giant 

' late March 

! 

' unmilled 

unmilled 

’ 30 bush. 

1 

Common 

1 and 

1 July 

j 1 bush. 

60 lb. 

1 seed 

7'-- 1 

Lupins 

' April 

April 

1 

Aug. 

' milled 

1-2 bush 

milled 

02 lb 

' (unmilled) 
20-30 bush. 

1 

15' 

Crimson Clover 

Sept -Oft. 

T.ate spring 

20 lb. 

60 lb. 

(seed crop) 

H buah. 

7' 9' 



and early 
autumn 



(seed crop) 


Kidney Vetch 

March 

July-Aug 

16-20 lb 

60 lb. 

7 bush. 

10' - 

Lucerne' 

April 

I (for seed) 



(seed crop) 

June 

20-24 Ih 

60-62 lb 

H bush, (ks a 




onwards. 

1 


seed crop) 






8-15 tons (as 
a green crop ) 
2-3 tons (as 


Trefoil" (* Black 

April-May 

June 

15 lb 

60 lb 

a Ixay crop) 
7-8 buah. 

7' 1 

Medick) 


onwards. • 

1 



(seed crop) 
10 tons 
(green crop) 
H bush (as 


Red Clover' (hs a 

March-April 

June, (feed) 

16 Ib 

65 lb 

7' -9 

.seed crop). 


Sept, (seed) 


i 

seed croj)) 

2 tons (as 
hay). 

50 bush 


Mangold 

l.ate April 

Nov. -Dec. 

7-10 Ib. 

21 Ib 

21'— 


and early 
May 




(seed crop) 
20 tons 

)^iQAR Beet 

Mid April to 

Nov -Dec 

1.^ lb 

20 lb. 

(feed). 

H tf)us (roots) 

16' - 


early May 




5-7 tons 

Marrow Stem Kale 

April-May 

Nov. -Dec. 

4 lb. 

54 lb. 

(top). 

4 bush- 

24'- 






(seed crop) 
15-25 tons 


Thousand Head 

March to 

Nov -B’el) 

4 lb 

54 lb. 

(feed) 

4 bush. 

18' 

Kale 

early June 



(seed crop) 
12-20 tons 



Rape (-= Coleseed) 

Throughout, 

Octolw to 

G-6 lb. 

1 

50 lb 

(feud) 

30 buah 

12' 


Spring an(\; 

April ac- 

(drilled) 

(seed crop) 


Summer 

cording to 

6-8 lb 


10 tons 


Cabbage'" 

March 

sow’g time 

(broadcast 


(feed) 


Nov. -Dec. 

4Ib 

53 Ib 

20 bush. 

24' 






(seed crop) 

20 tons 







(feed) 
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Time 

Time 

Seed Rate 

Weight of 

Yield 

Distance 

Crop 

of 

of 

per 

1 bushel 


apart 

Mowing 

Harvest 

Acre 

of seed 

of Kow's 

HI. Rahi” 

March -April 

Oct -Nov. 

* 4-.A lb 

54 Ib. 

4 bush. 

20' SO' 






(seed crop) 
20 tons 



Jiilv 




(feed) 


RNIP'^ 

Ocl. 

3-4 lb 

50 Ib. 

20 bush. 

18' -24' 






(seed crop) 
16-26 tons 







(feed) 


KDK' - 

June 

X(»v 

4-.^ lb 

50 lb 

16 bush 

lH'-24' 




j 


(seed crop) 
12-18 tons 


JSTARD' ‘ 

April 

Aug -Hept. 

12-14 lb. 

54 lb 

(feed) 

12-25 bush 

12'— 18' 

JCKWHKAT 

Late May 

Sept. 

U-2 bush 

50 lb 

(seed crop) 
20-30 bush. 

7' -10' 

- Brank) 



(seed crop) 


NRKRP (for seed) 

bate March 

Aug 

1-2 bush 

52 lb 

15-20 bush 

8' 10' 


.and April 



(seed) 

20-30 cwt. 








(straw) 


iTATORH'* 

March and 

late June 

15 cwt. 

r>4 lb 

6-8 tons 

20'— 24' 


April 

to Oct. 




(early) 
24'— 28' 1 
(malncrop)i 

AI'ZK 

Mid-May 

1 Sept. 

1-2 bush 

00 lb 

20-25 tons 

20'— 24' 





(feed) 

' 1 


Sou - True winter varieties arc 6-rtiw barleys. In tbe South sprinR maltinK varieties are often sown 
)otob«r. 

‘ The (lata above is for vetches grown for seed. They are also sown similarly for folding, autumn sowings 
\)i ready In May and spring sowings during July and August, according to date of sowing Further, vetches 
be grown for hay : they give about 30 cwt hay i)er acre and should be cut when in full flower. See 

e 7 

The straw from a seed croj) of sainfoin is worthleiw for feed, beln^ entirely hard stems Sainfoin is 
ally sown under a cereal crop. It may be sown, os above, for hay, giving 30-40 cwt of hay per acre 
ting for hay should be before the crop flowers. (Jiant sainfoin gives two hay cute a year but cannot 
tttably be left down more than two years, ('ommon sainfoin gives one hay cut per year, and the aftermath 
k bo grazed. It remains profitable for 5, 10. or even more years See also Note 7. In growing se.*d a hay 
[. may be taken first, the plant then remaining for seed. 

' Crimson ('lover is usually sown In autumn on a stubble It Is shecped in :M'ting or cui for green fodder : 
aftermath also affords a light grazing. See also Note 7 
‘ Id some districts September sowings are successful Ordinarily, spring sowings are under a corn 
p but many growers favour broadcasting. Two cuts may be taken in the first year, i.r . the calendar yeat 
T sowing : three cuts are possible In subsequent years and the crop often remains profitable up to the 
filth or even tenth year, if kept clean. See also Note 7. 

Trefoil is usually sown under a com crop. It may be kci)t down for a ser4)n(l year if a good plant be 
ifilisbed It is the first of the leguminous fodder crops to become available. See Note 7. Sometimes seed 
iwii in the cosh (pod) This is safe if the soil Is sufficiently moist to ensure germination. A heavier 
i rate is, of cotir.se. required (r ff , .')(• lb.) 

both types of red clover broad-leaved and late flowering (-- single cut cow grass) are usually mixed 
h grasses when sown for feed or hay. They are sown under a corn croi>. When grown for seed they may 
usf(l for sheening also Broad-leaved clover may be cut for hay or heavily sheeped in May and then left 
.seed But the late flowering type if first cut for hay l.s a<^ late in flowering that little seed is set It may, 
.vf\cr, be lightly sheened in April (not later) and then left for seed 

I'he order of availability for grazing of the common leguminous fodder crop is usually : winter vetches 
si ), rrefoil, lucerne, broad-leaved red clover and sainfoin, late-flowering red clover, spring vetches. 

I or a seed crop, sowing is in July, in rowTi about 12 im bes apart and at 20 lb per a<'re. The plants 
lilted and planted out in the same field in February or early March in rows at 28 in. and at 12 in in the 
^ Alternatively seed may be sown in July in the manner adopted for ordinary sowings of mangold and 
It' grow to seed It is cut by hand in September. 

tine acre of la^et tops will feed 100 ewes for one week, there being available also, a suitable grass run. 

' The data here is for a crop treated like a riKit crop for a variety such as the Ox-drumhead This variety 
ly be .sown in a seed bed in August and transplanted in April or May. It Is then available for feed from late 
gust to October. Earlier varieties like Winninratadt, sown in March, are ready for use In November, 
r late winter and early spring use, a hardy variety like Ormskirk savoy, sown in March, may be used, 
r t ransplanting, 1-2 Ib. of seed sow'u in 2 8<iiiare rods Is sufficient to plant 1 acre 

Kohl Rabi may be transplantt^i similarly m cabbage (see Note 10). The crop is usually folded off 
t may l>e carted and stored temporarily There are two main types ; the small top which is suitable for October 
dmg and a hardier large top type which mav remain for folding after Christmas. This latter type is hardier 
in swedes. 

' In the North and in Scotland turnips and swedes are sowu about a month earlier than the dates given 
O' which are for the eastern and southern counties of England. The row interval is small (18 In.) on light 
id. but, where crops are heavy may be as much as 27 in The yield of both crops Is largely determined oy 
iifall, being light In the drier areas. One acre of good turnips tirtll keep 100 ewes for 2-3 weeks- 

The data here is for white mustard but applies approximately to brown mustard also. White mustard 
often grown In the southern and eastern counties for folding. About 20 lb. of seed is drilled or broadcast 
r acre and the crop may be eaten off In 0-8 weeks after sowing which may take place at any time between 
and August 

The treatment of potatoes varies widely as between districts and as between early, second, and 
nincrop varieties. The data here given are merely representative. 
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The data are drawn partly from text books and partly from 
experience on various farms. Emphasis must again be placed upon 
the fact that in practice endless variations are met. Take the case 
of wheat. The table contemplates the following circumstances : 
a winter variety may be sown in October at 3 bushels per acre and 
may yield 32 bushels of grain. But the same variety might be sown 
in mid-December at 2 bushels per acre, yielding 60 bushels.’ No 
table of this kind can hope to do more than acquaint a beginner 
with reasonably representative facts which serve, among other 
things, to help him to compare the various crops. Data for yields 
and harvest times lie outside the scope of this chapter, but are 
added to make Table I, a more complete source of reference. 

The first general feature to study is the grouping of the crops. 
It will be seen that in many features wheat, barley, oats, and rye 
are similar in respect of seed rate, sowing dates, and the other data 
of the table. Common clover, lucerne, trefoil, and red clover are 
another group. As a first step the beginner should break up the 
crops into groups for himself. He will find that similarity dej)ends 
upon broad botanical relationship coupled with seed size (average 
weight of a seed). At this point it is helpful to turn for a while to 
Table II. 


Table II. — The weight (grammes) of 1,000 seeds, the number of seeds |x?r 
1 lb., and the average germination per cent, of the common crop plants. 
(Data from samples submitted for test to the Official Seed Testing Station. ) 
In the data of germination, “ H.S.” denotes “ hard seeds.” Germination 
percentages are based on H-ye&r averages for grasses and 12 -year averages 


for all other crops. Weights 

are for ” air-dry ” seed 


CRO? 

WeiKhtCgms.) 
per 1 000 

No. of ftceclK 
r)er 1 lb. 

(ierminatlon 

seea8 

in lOO’s 

/)er cent. 

Wheat — 




All samples ... 



95-8 

Red Marvel ... 

54 07 

84 


Yeoman 

45 51 

100 


Little Joss ... 

49 39 

92 


Barley-- 




All samples ... 



95 5 

Spratt Archer 

4615 

98 


i Plumage Archer 

46 43 

98 


! Oats— 




^ All samples ... ... ... 

— 



Black Tartarian 

30-76 

147 


Abundance ... 

39-71 

1 14 


Victory 

40-48 

1 12 


Grey Winter, . . 

37 32 

122 


Rye 

27-83 

163 

91-4 

Beans (Field) ... 

568 12 

7-98 

96-4 
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CROP 

Weight (giiiA ) 
per l.OUJ 
iieedB 

No. of seeds 
per 1 lb 
in lOO’s 

Gemdnation 
per cent. 

Peas — 

All sampleB ... 



86 3 

Maple 

20h 75 

22 

— 

Dun ... 

237*70 

19 

— - 

Vetches 

60 08 

75 

89-7 

Sainfoin — 

All samples ... 



7M 

Milled 

16 23 

297 

— 

Unmilled 

23 08 

192 

— 

Crimson Clovkh 

3 41 

1,330 

82-0 4 0-3 H.S. 

Kidney Vetch 

2-27 

1,998 

72-4 4 6-6 H.S. 

Lucerne — 

All samples ... 



82-7 4 5-9 H.S. 

English 

2 06 

2,202 

— 

Provence 

1*96 

2,314 

— 

Trefoil ( — Black Medick) ... 

1-62 

2,799 

75-3 -f 2-6 H.S. 

Red Ci.over (Pmglish) 

1-77 

2,563 

79-4 4 4-9 H.S. 

Birdsfoot Trefoil ... 

M6 

3,910 

Variable. | 

Alsikk ... 

0*73 

6,214 

82 3 4 6*8 H.S. i 

White Clover 
.A ll samples ... 


l 

8 099 

77-1 r 9-6 H.S. ( 

Wild 

0*66 ; 

1 

Dutch 

0 61 

7-436 

i 

SUCKLINC (!L0VER 

0 51 1 

8,894 

66 5 4 17 0 H.S. 

Fall Oat Orass 

3 20 

1,417 

77-3 

Italian Rye-gkas.s ... 

2 13 

2,130 

82-0 

Perennial Hye-crass 

2*00 

2,268 

82-3 

Cocksfoot 

1 01 

4,491 

90-3 

1 Tall Fescue 

1 88 

2,413 

— 

j Meadow Fescue 

1 85 

2,452 

83-9 

Chewing’s P'escue ... 

0*79 

5,742 

70-9 

Hard Fescue 

0-79 

5,742 

75 6 

Sheep’s Fescue 

0*79 

5,742 

— 

P’iNE - leaved Sheep’s Fescue 

0 30 

16,120 

— 
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CROP 

Weight (gins.) 
I>er LWO 
seeds 

No. of seeds 
I)6r 1 lb. 
in 100*8 

Cerininatiou 

I)er cent. 

Meadow Foxtail 

0*77 

5,891 

62-3 

Crested Doo’s-tail . . . 

0*40 

9,861 

78-3 

Timothy 

0-29 

15,041 

88-8 

Golden Oat Grass 

0 24 

1 8,900 


Meadow Grasses 

Poa nemoralis 

0-20 

22,700 

73 I 

Poa pratensifi 

018 

25,200 

80-4 

Poa compreasa 

016 

30,239 


Poa triricdis 

0 14 

32,399 

86'6 

Fiorin 

0 07 

64.799 


Mcstarp 

6 36 

846 

82-5 

H.\pe 

4 24 

1,070 

87-6 

Kale- 

All samples ... 

Marrow Stem 

3-75 

1,209 

; 71.1 

Thousand Head 

3-56 

1.278 


Cabbaoe 

2-98 

1 

1 1,522 

78-7 

Kohl Rabi 

2-86 j 

1,592 

761 

Swede ... 

2-83 ; 

1,603 

‘■3-5 

Turnip 

2-08 

; 2,181 

86-3 

Mangoi.d ... ... 1 

19 33 

i 

235 

76-0 

SuoAR Beet ... ... | 

23ia 

j 

196 

82 1 

,, i 

Parsnip ... ... ... j 

4 53 

1,001 

614 

Ca rrot ... . . 

0-74 

6,130 

63-8 

Buckvmieat 

23 63 

192 


Linseed 

6-78 

669 

88*0 


(bmmercial sampleH of seed fluctuate ho widely that great 
numbers must be examined to obtain reliable average values of 
seed weight, germination, etc. The only material adequate to this 
purpose is the vast array of samples submitted for test to the 
Official Seed Testing Station (jiart of the National Institute of 
Agricultural Botany, Cambridge). The Chief Officer of the Station 
has very kindly compiled Table 11. from his official records and 
from an extensive series of determinations made specially for this 
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purpose. From the table general similarities in seed weight are 
readily apparent. It is important to note that crops with about the 
same seed weight necessarily have about the same number of 
seeds per 1 lb. 

Having studied the general grouping of crops the student should 
next attend to the leading features of every group. The cereals 
will serve as an example. In all of them there are winter varieties 
sown from October to December (early November being the com- 
monest time) ; there are also spring varieties sown in February, 
March, or early April. The corresponding seed rates are 2-3 
bushels and 3-4 bushels per acre respectively. In all cases the 
distance between rows is 7-9 in. and the depth of sowing (see 
later for all crops) is IJ-IJ in. Now the difiFerences must be 
noted.. They lie mainly in average weight of a single seed (see 
weight 'per 1,000 seeds in Table II.) and there are corresponding 
differences in number of seeds per 1 lb. and per 1 bushel. Conse- 
quently the number of seeds sown per acre is by no means the 
same for all the cereal crops. Simple calculations will illustrate this. 
If wheat is sown at 2^ bushels per acre (with 63 lb. per bushel 
and 10,000 seeds per 1 lb.) there are 1,575,000 seeds per acre. With 
drill rows at 8 in. apart the total length of row per acre is 65,340 
ft. (about 12^ miles). Thus the average number of seeds per foot 
of row is about 24 (for the importance of numbers of plants per foot 
see the concluding passages of this chapter). For winter oats (16,300 
seeds per 1 Ib., 42 lb. per bushel, and bushels per acre — see 
Tables I. and JI.), the number of seeds per acre is about 1,711,5(K). 
i.e., somewhat higher than for wheat as calculated above but of the 
same order. 

Many interesting comparisons may be made between botanically 
dissimilar crops. Thus for wheat (as above) 1,575,000 seeds are 
sowit y)er acre with rows at 7-9 in. ; for sainfoin (milletl seed) ( 1 
bushel jK‘r acre, 60 lb. per bushel), 1,782,000 seeds per acre \^ith 
rows at 7 10 in. ; for winter beans (2^ bushels per acre, 64 lb. per 
bushel, 798 seeds per 1 lb.) about 127,680 seeds per acre with rows 
at 20 28 in. (average 24 in.). Thus for wheat about twelve times 
as many seeds are sown per acre as for beans but the total length 
of row per acre is about three times as great (viz. 24 in. : 8 in.). 
Hence about four times as many seeds per foot of row are sown for 
wheat as for beans. This difference corresponds to tie' marked 
differtuiee in growth habit between these two crops. 

The student, should now mako similar calculations for the other 
crop grou[)s. 

V ariations in seed rate, i.e., weight of seed sown per acre, are 
govx'rued by many factors. Broadly speaking, all crops of about 
the same seed size and of similar growth habit, are sowm at about 
the same raU'. And, as between different crops, the smaller the 
seed (therefore the greater number of seeds per 1 lb.) the loww the 
seed rate. But for any one crop variations hav^e to bo made accord- 
ing to circumstances. .As a rule the seed rate is increased above 
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the normal when late sowings are made. This is well illustrated in a 
recent study of sugar beet fields in the Eastern Counties : — 



Less 

120 

13 0 

Exactly 
15. lb. 

More 

Amount of Bced (lb.) per acre 

than 

to 

to 

than 

12 1b. 

12.9 lb. 

14.9 lb. 

15 lb 

Number of fields observed 

18 

16 

19 

21 

20 

Average date of drilling 

& May 

5 May 

11 May 

11 May 

14 May 


Different varieties of the same crop may require different seed 
rates. Thus experienced growers of Rivet wheat normally sow 
30-50 per cent, more seed of this variety than of the other common 
winter wheats. Recent experiments have revealed the facts upon 
which this practice rests. Rivet has a lower rate of germination 
and survival than other common winter wheats and tillers less 
abundantly. Consequently a denser plant population is desirable 
and therefore to sow at a rate considerably above normal is clearly 
necessary. Sometimes semi-hardy oat varieties (e.^., Bountiful and 
Marvellous) or even spring varieties (e.g,, Abundance and Record) 
are winter sown. In such eases 3-4 bushels of seed is employed in 
contrast with the 2~2\ bushels w hich suffices with the true winter 
hardy varieties (e,g.. Grey Winter). For very large seeded varieties 
an extra seed rate is often employ c^d as, for example, with oats (see 
Table II. for seed weights of varieties.) If severe damage by birds, 
wire worm, or other agency be feared, heavier seeding, it may he 
by as much as 50 per cent., is normally em])]oye(l. The purpose for 
which the crop is required must also be taken into aec'ount. Cereals, 
especially rye, are sometimes grown for green feed and 4-5 bushels of 
seed, often sown broadcast, is then desiraV)le. It is probably true 
to say that under-seeding is a more common error than over-seeding : 
and further, that loss of jjotential yield oft(‘n results. 

Under-seeding rarely occurs through lack of kjiowlf*dge. It is 
frequently traceable to bad seed or to a drill incorrectly set or 
imperfect in action. For broadcasting an increase in se(*d rate 
often of the order of 50 per cent, over the rate for drilling, is 
usually allowed. 

C'ertain aspects of germination must be considered in connection 
w ith seed rate and sowing. AH seed offered for sale must, undi'r the 
Seeds Act, 1920, satisfy certain conditions as to jiurity and germina- 
tion. But w'itli (!er(‘als, farmers dejiend largely on home raised 
HCfnl or j)urc}iase from tlioir n(‘ighbours. 'There is in geiUTal no 
reason why this should be un.sati.sfaetorv. Ihit at times, especially 
in wet harvests, seed may be of unusually low germination capacity. 
It is always advisable to ha\'e a test made. The Official Seed 
Testing Station offers special facilities for testing farmers’ seed 
samples. The fee is sixpence per sample, and tests are (completed 
and reports issued in the minimum possible time. If germination 
be low’, e.g.^ 80 per cent, for wheat instead of the normal 95 98 per 
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cent., the seed rate should be substantially increased. A sample 
which germinates rather badly in the laboratory is likely to germinate 
very poorly in the field unless conditions are extremely favourable. 
This is because the presence of any considerable proportion of non- 
germinable seeds always denotes the presence of many seeds which, 
while capable of germination in the laboratory, are physiologically 
so poor that they cannot grow in the field. In 1925, “ good ” and 
“ bad ” samples of certain wheat varieties were sown under typically 
“ bad ” field conditions on heavy clay. The data from one test 
illustrate the general principle : — 

“ Good ” Seed “ Bad ” Seed 

Laboratory germination, f)er cent. ... ... 99 80 

Field ,, „ 66 32 

In the light of laboratory tests the seed rate for the bad *’ 
seed should have been increased in the proportion 100/80 = 125 
per cent., but from the field data it is evident that to secure as 
full a plant as the “ good ” seed gave, the “ bad ” seed should have 
been sown at about double the normal rate. In some crops the 
disparity between laboratory and field germinations from a “ bad 
seed sample is particularly great. Peas and some of the grasses are 
familiar examples. Typical germination values of all common farm 
seed are given in Table II. Differences such as between cocksfoot 
and meadow foxtail are of great practical importance. Seed 
dormancy is sometimes a puzzling aspect of germination. Seeds 
of the Black Winter oat, especially from a wet harvest, may be 
six to eight weeks in the ground before germinating. Wild w^hite 
clover, e8j>ecially when sown in late summer or autumn, may be 
very tardy in germination. For the first year there may be an 
obvious paucity of clover plants in a newly-sown ley ; but during 
the second year an abundant plant may appear. Grermination is 
only the first stage in establishing a plant and special attention may 
be required during seed bed preparation and sowing to ensure 
survival in the early stages following germination. Spring sown 
grass seed best illustrates this. If the seed bed be not firm below 
and dry weather follow germination, the seedlings, speedily exhaust- 
ing their small endosperm reserves, die out. The seed, insU^ad of 
growing, is simply “ malted.” 

Cost of seed is sometimes allowed to be a factor in seed rate. 
While the farmer camiot afford to ignore any production cost, he is 
usually well repaid by purchasing good seed. By “ good ” is 
implied seed true to type, as free as possible from impurities of 
every kind, free from disease, and of high germination capacity. 
For spt*eial selections, new varieties, and other stocks of “ pedigree ” 
seeds, pric(\s above normal are naturally charged. But “ good ” 
seed for ordinary sowdngs is not costly. To give the student informa- 
tion on prices of seed of common farm crops, the Eastern Counties 
Farmers’ Co-operative Association, Ltd. (Ipswich) were asked to 
give representative quotations for 1930. They have kindly supplied 
the following : — 
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CHOPS. Purity. Growth. 

not less than 


Winter Wheats 

14/6 cwt. 


90 

Spring W^heats 

14/6 cwt. 


90 

Bariev 

13/- cwt. 


90 

Oats 

... 10/8 cwt. 


86 

Rye 

11/- cwt. 


80 

Winter Beans ... 

11/6 cwt. 


90 

Spring Beans 

11/6 cwt. 


90 

Field Peas 

12/- cwt. 


80 

Common Sainfoin 

36/- cwt. 

98 

90 

Giant Sainfoin ... 

32/6 cwt. 

98 

90 

tTrefoil 

50/- cwt. 

99-5 

92 f 3 

Kidney Vetch ... 

50/- cwt. 

98 

90 

Common Vetch (tares) 

24/- cwt. 

98 

96 

Lupin (Blue flowering).. 

15/- cwt. 

98 

90 

* White Turnip ... 

1/6 lb. 

98 

98 

*Swede 

1/6 lb. 

98 

90 

Sheep Cabbage ... 

3,6 to 4/- lb. 

98 

80 

Mustard ... 

30/- to 35, - cwt. 

98 

94 

"^Marrow Stem Kale (Spe 

‘ial Stock ) ... ... 2' - lb. 

98 

90 

‘Thousand -head Kale 

1/9 lb. 

98 

96 

‘Rape Kale 

4/- lb. 

98 

97 

Rape 

50/- cwt. 

98 

94 

♦Kohl Rabi 

2/- lb. 

98 

90 

‘Mangolds ... Ace 

ording to quality WO to 2'- lb. 

98 

90 




(clusters) 

‘Sugar Bt et 

•... 1 • lb. 

98 

90 

(clusters) 

Maize (Virginian WTiite 

Horse-tooth) 10/- per bushel. 



Linseed (Special Stock Blue flowering) 26 - per bushel. 



Buckwheat 

66/- qr. of 

3^ cwth 



“ Owiiiy to the severe winter of 1929, most ’* r(X)t3 ” sefeds were, relatively to seeds of 
other rrops, doubled in price in 1930. Normal prices for thcHC crops may therefore be taken 
as aliout one half of those shown here. 

t The second figure gives percentage of “ hard ” seed.s 


CiKASSES AND (■LOVERS 

Rer 

ewt. 

Ruritv. 

Growth . 

Italian Rvi -gra.s.s, FreiK'h. 22 lb. per bushel 

56/- 

99 ‘ 

98 

,, Irish. 22 lb. ,, 


50/- 

99 

86 

,, ,, English. 20 Ib. ,, 


50 - 

98 1 

90 

Perenmnl Kye-graas, Irish. 28 Ib. ,, 


42/6 

99 

90 

‘ ,, ,, New Zealand. 30 lb. 


70/- 

99 5 

90 

Cocksfoot, Danisli 


84 - 

90 

95 

‘ ,, Jndigenou.s Scandia 


150 



,, New Zealand 


90/- 

99 

90 

‘Rough Stalk Meadow -gra.ss 


168/- 

90 2 

90 

Meadow Fescue, Anicn< an 


95 - 

98 ' 

95 

Shee]:)'s Fescue ... 


130.- 

96 

90 

‘Tall Oat-grass ... 


] 45 - 

90 

85 

Timothy, American 


.50 - 

99 4 

94 

‘Crested ])ogstaiI, New Zealand 


140 - 

99 

92 

^Bi c>ad Kc*d Clover, Suffolk f ron 

I 60,- to 

75, - 

99 

90 t 5 

‘Siugl(‘ Cut (.'u\v -gras.s, Suflolk. 

180 - to 

220 

98 

90 

.‘LaO* Mowerinf: Red Clov-er, Suffolk. ,, 

180/- to 

220 - 

98 

90 

+ VVjld White Clover, Suffolk. (Guarantc 

•ed 




genuine and off old pastures.) From 5/- 

to 7/6 per ih. 

99 

91 t t) 

t Dutch White Clover (Englisli grow'ii) from 

140C to 

160 - 

99 

89 j ti 

jAlsike, Canadian. ,, 

85 - to 

95 - 

98 

95 t 2 

‘tiiiant Red vSuckling (Suffolk grown) 


16<» 

99 ♦; 

90 t T» 


*' The prucs of these seed', relatively to others, wore aitnornially high in 1930, the year 
to which all these jjrice Quot^ations refer. 

< The second figure gives percentage of " hard ” seeds. 
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Movements in seed prices offer the student an important field 
of study, and he should make calculations of the proportion which 
cost of seed bears to total expenditure on production for the various 
crops. 

In dealing with methods of sowing our concern here is to show 
how they influence plant development. The drills and other imple- 
ments involved, their cost, rate of working, and adaptation to 
special circumstances, are dealt with in the chapters on Implements 
and Crops. Seeds are sown either broadcast or in rows. Broadcast 
sow^ing originated in hand casting, a procedure still occasionally 
employed and with much to recommend it. The “ seed fiddle ” 
and broadcasting machine, the latter in principle a seed drill without 
spouts and coulters, are the mechanical successors of the hand 
broadcaster. 

Sowing in rows was brought to a liigh level of excellence in 
the use of the dibbing tongs or irons. Specimens of these are 
preserved as curios in many a farm house, and the older men on 
farms well remember their use for corn and for beans. A seed rate 
of even 1- 3 pecks per acre often gave good yields. Biologicall}? the 
merit of this method lay in the even spacing of the plants, the 
regular depth of sowing, and the even covering in of the seed. 
On experimental plots sown with a form of dibbing iron, the rows 
at 6 in. apart, the seeds at 2 in. in the row, yields at the rate of 45-55 
bushels per acre of wheat and barley have often been obtained 
on land which, ordinarily cropped, gave but 30-40 bushels. 

The slowness of dibbing inspired the invention of the seed drill 
of which there are many types. From the point of view of plant 
development in relation to yield, all drills are very defective. The^ 
do not SOW' at the same rate from point to point along any one drili 
row (i.e., coulter row), the separate coulters dehver at different 
rates, and the seed is all deposited in a narrow band (i.6., the “ cut ’ 
m^e by the share of the coulter). Depth of sowing is also extremely 
irregular and, especially when sowing is on a rough tilth, while 
some seeds are suitably covered with crumb, some are left uncovered, 
and some overlain by large clods. In all these features drills are 
inferior to the old dibbing irons. From time to time efforts have 
been made to overcome these defects. A “ force ” feed has been 
tried in place of the cup feed, but on the whole it is probably less 
regular in delivery. CVoss drillhig, i.e., drilling a field twice in right 
angle directions but at the same total seed rate per acre, has some- 
times been adopted to give more even distribution of plants. With 
the same object in \iew experiments have recently been made at 
the Norfolk Agricultural Station by sowing barley with the rows 
at 3J in. apart instead of the customary 7 in. Three years' 
results point to an increase in yield of some 7 per cent., which 
increase is, of course, clear gain. These modifications represent 
endeavours to secure more regular spacing of the plants. Advances 
are also l)eing made at the present time by “ spacing drills.” These 
deposit groups of seeds at regular intervals in the row. They are 
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designed primarily for roots, especially sugar beet, and for market 
garden crops like cabbages, lettuce and onions. The groups of 
plants are thinned by hand to singles. With present models there 
is apt to be no mean way between groups so large that singling is 
very difficult and groups so small that from some no seed survives. 
But the spacing drill is in its infancy ; it is a sound conception, and 
it promises when improved to promote increased yields through 
better development of the individual plant. The ideal of plants 
at regular intervals and with no ‘‘ misses ” is examined and con- 
trasted with actual crops in a general discussion at the end of the 
chapter. 

While it is important always to have this ideal in mind, the 
difficulties of practice and the success which, under wise direction, 
attends rough expedients, must equally be remembered. In a wet 
year, on heavy clay it may at times be quite impossible to get a 
tilth for wheat, or to work a seed drill in the ordinary way. This 
difficulty has sometimes been met by removing spouts and coulters, 
letting the seed “ spill ” out from the drill on to the unprepared 
surface, and ploughing it in. 

Of all sowing questions, the choice of time is perhaps most 
difficult. From the discussion of groups of crops, earlier in this 
chapter, it will have been perceived that there are recognised 
“ times of sowing for all crops which take the form of periods of 
some four to eight w eeks. With crops like wheat, oats, vetches and 
beans there are winter and spring varieties w hich offer the possibility 
of two sowing periods in the year. There are other cases in which, 
with the same variety, the farmer may fairly safely make his choice 
of a somewhat earl}" or a very late sowing. Thus lucerne may be 
sown in April-May, or left till September, and land may be put 
down to grass by under sowing corn in March April or, alternatively, 
by sowing on bare f allow' in August-8eptember. 

There have been many exj)eriment8 to ascertain the influence of 
date of sowing upon yield. Most of them have been on a small 
scale in pots or small hand-worked plots. While quite satisfactory 
as physiological investigations, they leave untouched the agricul- 
tural factors. The influences of time of sowing are tw ofold — agricul- 
tural and physiological. Compare two sowings of wheat on heavy 
land, the one in a wet mid-October, the other in a fine, early Decem- 
ber. The Oc tober sow'ing will enjoy certain physiological advan- 
tages — and notably a higher temperature in the first few weeks 
after sowing — by whicli germination and early development will 
be favoured. But if, by December, the land is faiily dry in contrast 
with its suppositious extreme wetness in October, the later sowing 
will be on a much better seed-bed, for which reason, despite lower 
temperatures after sowing, it may yet make the better start in 
life. The subsequent relative progress of these two sowings will 
depend upon the combinations of weather factors that the particular 
year brings in its successive months. But the puddled seed-bed of 
the October sowing may have long enduring effects. 
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Broadly, from the farmers* point of view, it is wise to sow as 
early in the “ sowing period ** which experience has defined, as is 
consistent with good working conditions. There is always a strong 
element of uncertainty and therefore of risk, but the general tend- 
ency is to take the risk on the early side. Farmers may well conclude 
that the “ right ” time is “ when you can get the seed in,** but with 
some crops most careful consideration is necessary. Sugar beet, 
if sown unduly early, tends to bolt ; if very late it yiel^ badly. 
On a large farm with 100-200 or more acres of beet, sowing must for 
reasons of labour be spread over several weeks. To meet this 
necessity two or three different varieties are often grown. Sowing 
time varies much from district to district. This for turnip and 
swede sowing in the eastern and southern counties is usually 
a full month later than in the north. 

The best depth of sowing in various circumstances is a consider- 
ation of much theoretical interest. In practice, however, it is 
governed by rules of a very general nature and will remain so 
until greatly improved implements increase our mechanical control 
over the soil. The cliief variation made in sowing depth is as 
between one crop and another. Here the guiding principle is to 
adjust depth according to size of seed. Beans and peas are sown at 
2-3 in., the cereals at about IJ in., beet and mangolds at 
about 1-1 i in., and the “ small seeds ” (e.gr., clovers, turnips, 
etc.) at about J-J in. Even on carefully made tilths there is 
great fluctuation. Thus in a field of w^heat, the average depth 
may be 1^ in., but some seeds will lie at 2J-3i in. ; some will 
be on the surface but covered by clods, and .some, lying uncovered, 
will be taken by birds. 

Excessive depth of sowing is sometimes a fault. Wheat after 
fallow or after potatoes is a good example. The plumules of some 
of the germinating grains may have to struggle through 4, 5, or 
even 6 in. of an excessively deep tilth, and from such depths 
they emerge w^eak and etiolated. 

If shortly after emergence such weakly growths are subject 
to a sharp frost their development is .severely checked. How to 
treat fallow' or old potato land so as to prevent it being puffy *’ 
(be., to avoid too deep a tilth), is an interesting question. Possibly 
very shallow ploughing is best, for the sole of plough gives a solid 
bottom, and the tliin furrow slice soon th’ies and can be made into a 
fine tilth. 

For some years past the advantages of “ surface sowing ” have 
been urged upon fanners by a small band of enthusiastic experi- 
mentalists. These claim that by merely pressing the seed into the 
surface, more rapid germination is secured, root development is 
favoured, and in the cereals tillering is much increased. They point 
out, too, that with shallow seeding drills of lighter draught can 
be employed. Unfortunately they are not able to adduce sound and 
extensive evidence, but the general principle of surface seeding 
undoubtedly deserves further study. There are, however, certain 
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•definite disadvantages. Birds are able to remove surface sown 
seeds with great ease ; on heavy land in winter the surface sowing 
drills so far invented, do not work properly ; and in spring, unless 
suitably covered, seedlings are apt to dry out soon after germination 
because the rootlets are exposed. 

On a hard seed-bed the coulters may not cut into the surface 
even when the weights are at the ends of the coulter bars. Many 
drills are fitted with a “ presser,’* a simple mechanism for putting 
extra pressure on to the coulters. 

The intervals between rows commonly adopted in sowing have 
been explained earlier in this chapter in discussing general sowing 
features of the groups of crops. It is important to understand the 
underlying principles. Row interval must be appropriate to the 
habit of growth of the crop and to the requirements of inter- 
cultivation. For crops carted off, e.^., swedes, beet, etc., it may be 
desirable to adjust the interval so that the wheels of the carts 
“fit in.’* Beans, peas, corn crops, roots and seeds are useful 
illustrations. Beans are sown at 20-28 in. Thus they can be 
horse-hoed and so serve as a cleaning crop. When sown on land in 
high condition they branch abundantly and thus are apt to make so 
thick a growth that the stems become unduly long and spindly, 
and because of the dense shading all the pods of the bottom half of 
the stem die off. In these circumstances a 28-30 in. interval 
between rows should be adopted. For field peas (Pisum arvense) 
20-24 in. is generally suitable. But for the earliest sowings of 
picking peas (P. sativvm) on a field scale it is usual to have the 
rows at 16 in, or even 14 in. There are two reasons for this. 
Early picking peas are grown in market garden districts where 
potatoes, cabbages, and other “ cleaning ” crops are frequently 
taken and labour is freely employed. Thus in a pea crop which is 
sown in mid -March and is off by the end of June, relatively little 
hoeing is necessary. A second reason for close rows is that in 
early varieties of peas there is a far less growth of stem than m 
field pea.s. There is thus little danger of shading and of the other 
evils which arise from very dense crops. Corn is drilled in rows at 
7-9 in. apart. This allows either hand- or horse-hoeing to be 
carried out, but if the land be foul and it is intended to horse-hoe 
thoroughly, a full 9 in interval is desirable. Plxperimentalists, 
among them Jethro Tull and Arthur Young, have from time to 
time advocated wider intervals. When spacing is increased, wheat, 
barley and oats show marked response in tillering. But the 
greater number of ears f)er plant does not, as a rule, comj>en8ate 
for the reduced number of plants per acre. Moreover, at wide 
spacing there is a high proportion of late-formed ears, some of which 
are unripe when the earlier ones are fully matured. In barley, 
such irregular maturation would, of course, seriously damage 
“ malting quality.” In root crops the problem of spacing is by no 
means solved as yet. Marrow stem kale if widely spaced grows into 
very large plants, but the stems are apt to be extremely hard. 
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The nutritive value of kale stems depends not only on size but on 
age and the proper adjustment of spacing and date of cutting to 
ensure maximum feeding value per acre, as distinct from bulk, has 
yet to be determined. Controversy still continues over spacing for 
sugar beet. On the Continent, rows at 14-16 in. and plants 
singled to 7-10 in. is sometimes the practice. This undoubtedly 
ensures the maximum crop possible for the soil and season on very 
light land. And it is economic where labour for singling is cheap. 
But in many English beet areas, even with small topped varieties, 
the foliage is too abundant for such close intervals. Apart from this, 
the practicability of 16-in. work in England needs consideration. 
Save on the most friable soils it is difficult to horse-hoe 16-in. 
rows without damage to the plants and to chop out to 7 in. is 
slow and costly. Some growers, in the face of labour difficulties, 
declare that with rows at less than 24 in. the extra trouble of 
close work is not repaid by the increased yield. Everyone must 
naturally adopt the interval which best suits his circurastances. 
But there seems little doubt that, on most beet soils in England, 
the full potential crop cannot be obtained if the row interval exceeds 
20 in. With “ seeds ” crops, mixtures of grasses and clovers, 
the growth of individual plants is very limited. To ensure heavy 
yield, to choke out weeds, especially in long leys or permanent 
pastures, a dense and evenly distributed plant is clearly necessary. 
It is therefore desirable in the common practice of sowing under a 
corn crop, to divide the seed and sow in two directions. A conve- 
nient procedure is to sow the rye-grass and other large seeds in one 
direction, and the Timothy and clovers at right angles to this. 
Where it is desired to get a dense covering quickly and without 
gaps, as for instance, in sowing down land for playing fields, four 
sowings — in some cases as many as eight — are made. This can 
only be done with the heavy seed rates (100-250 lbs. per acre) 
employed for such fields. 

The next matter for consideration is the seed-bed which in 
farming language consists of a “ top ” or tilth, and a “ bottom.” For 
the ojKjration of sowing, a fine tilth is desirable. It ensures free, 
steady movement of the drill coulters, and uniformity of sowing 
depth. In addition the plumules of tlie germinating seeds can 
emerge without obstruction, while the rootlets and stem bases are 
protected from drying out by a mulch of crumbly soil. But in making 
a seed-bed the farmer must consider the influence his work will 
have at later stages of crop life. If a really fine tilth be made for 
winter sowings, especially on heavy land, it will “ run together,” 
i.€., become firmly set or panned under the influence of winter 
rains. Spring growth will thereby be adversely affected and on a 
panned tilth intercultivation is almost impossible in a dry spring. 
It is necessary therefore to adjust the fineness of an autumn tilth 
with great care. Heav}^ land farmers like a cloddy tilth for winter 
com, and in some districts the wind- breaking power of clods 
is regarded as a great asset. Wetness often makes it impossible to 
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get a fine tilth in autumn, but in sowing a fallow during a dry 
autumn there is considerable risk of getting the top too fine. 

The bottom of a seed-bed must be firm without being unduly 
compacted. The principles may be illustrated by beet, wheat, 
onions and grass. Many years of shallow ploughing have produced 
in some fields a hard plough pan. This reduces percolation of rain 
water and offers strong resistance to root penetration. If sugar 
beet is to be grown on such a field, deep ploughing and subsoiling 
are desirable. But these must be followed by other operations 
(t.c., harrowing and rolling) so as to avoid a “ puffy or ** hollow ” 
bottom. To ensure good germination of beet or other spring-sown 
seed, the bottom must be sufficiently firm to allow of steady rise of 
sub-soil water. The headlands of a piece of wheat are often seen 
to carry an outstandingly good crop. The usual and probable 
explanation is that on the he^ands there is a firm bottom. Exactly 
how this favours the development of the wheat plant cannot be 
explained. One definite advantage, however, is that the plants 
gain stronger root-hold on a firm bottom. This protects them from 
the “ heaving ” or forcing out induced by the expansion on freezing 
of soil water ; and in July and August it helps to prevent lodging. 
That corn so commonly lodges in the Fens is due largely to the 
abundance of growth on these rich soils ; but it is also in part 
attributable to the loose peaty bottom. 

It is well known that, save on heavy soils in wet weather, the seed- 
bed “ cannot be too hard for onions and for grass. A very firm 
bottom and shallow fine top is ideal. Development of these crops 
is favoured by such a combination, and, probably most important 
of all, an adequate rise of water is ensured to the roots. 

How to prepare a suitable top and bottom belongs to the Chapters 
on Cultivation. It must suffice here to urge the student to study 
by close observation the precise effects produced upon the soil 
by the plough, the cultivator, the roll, and the various harrows. 
He will perceive that the harrow, like the rake in the garden, not 
only breaks up the soil but does much to consolidate its top layers. 

The general adoption of “ transplanting ” in sowing farm crops 
has recently been urged, and a “ transplanting machine " is now 
on the market. This may be used not only for cabbage, lettuce, 
kale, and the other crops which are frequently transplanted by 
hand, but also for the cereals. Perfectly regular spacing and very 
favourable conditions for plant development are among the sug- 
gested advantages. Time must show what merits attach to trans- 
planting with farm crops, but certain difficulties are patent. Seed- 
bed sowing followed by transplanting of cereal crops involves two 
operations in place of a single drilling. With present models a great 
amount of manual labour is necessary for lifting the plants and 
loading them into the transplanting machine. To gauge the sowing 
time which will ensure plants of appropriate size when the land and 
time make transplanting possible, is not by any means easy with 
cereals. In autumn wet land may interfere with the working of the 
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machine ; in spring transplanted cereals may suffer from drought ; 
and at the relatively wide interval of transplanting, crops would 
not so readily choke the weeds in early life as they do when drilled 
in the customary manner. 

It is with seed mixtures (combinations of grasses and clovers) 
that problems of seed rate and sowing become most interesting and 
most difficult. These matters cannot be closely discussed here. 
But the student should try to apply the general considerations of 
this chapter to the seeding data given in the Chapter on Grasses. 
For this Table II. will be helpful. About 30 lb. per acre of “ seeds 
mixture ” is commonly sown per acre but it may be composed of 
very different ingredients. Comparisons of population density may 
be made for three such sowings as : — 

* (Mixture in Ibe. per acre). 


Perennial Rye GrcLSs ... 

Cocksfoot 

Timothy 

Rough Stalk Meadow Grass 
Chewing’s Fescue 
Broad-leaved Red Clover 
Late-flowering Red Clover 
Wild White Clover 


A. B. C. 

30 18 16 

6 — 

1 1 

2 3 

6 

__ 2 

4 3 

2 1 1 


32 32 32 

Some of the fundamental considerations connected with seed 
rate and sowing have been subject to enquiry in recent studies of 
field crops. These began with a determination of the distribution 
of the plants along the drill rows. Great irregularity was found in 
all fields and all crops. Thus, taking a drill row of wheat plants, 
foot length by foot length, there might be found on the first foot, 
6 plants, on the next 13, then 0, 17, 8, 24, 3 ... Normally the 
number of plants per foot length of row fluctuated between 0 and 
40 in cereal crops. On a foot length with 4 plants, tillering was 
more abundant than on one carrying 20 plants. But at harvest, 
while the average ear size and average number of ears per plant 
were greater, the yield of grain was less. It was shown that in 
typical field crops some 50- ^ per cent, of the foot- lengths of row 
were under-populated, and therefore yielding below the full rate 
appropriate to the soil and season. For full potential yield about 
18 plants on every foot length of row appeared to be desirable in 
cereal crops. Similar studies were made on field crops of sugar beet. 
There was considerable sacrifice of yield as a result of gaps and 
irregularities in the mature crop, and these defects were traced to 
irregularities in the seedling (im -singled) plant. Among the cir- 
cumstances responsible for this universal irregularity of plant dis- 
tribution were damage by pests, bad seed, rough tilth, and faulty 
drill action. In all cases uneven deposition of seed by the drill was 
the most important. The experiments were of some complexity, 
but a popular review may be found in the Royal Agricultural 
Society of England publication, “ Agricultural Reseai'ch in 1928,” 
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pp. 7-13. By making counts of seeds sown, plants surviving, 
tillering, and ear formation, on foot lengths of row at four or five 
periods during crop life, the student may readily gain an under- 
standing of the importance of a full and even plant. If he supple- 
ment counting by close observation of tilths and sowings, he will 
meet interesting illustrations of the general principles with which 
this chapter has dealt. 


CHAPTER XI. 

WEEDS. 

Every farmer knows what' weeds are and yet it is a troublesome 
matter to frame a definition of them. “ Plants growing in the wrong 
place ** or “ plants that interfere with crops to their detriment ” are 
well known among the many ingenious attempts. The happiest is 
undoubtedly the epigram attributed to a bishop — “Agriculture 
is a controversy with weeds.'' Only when a definition is attempted 
do the subtlety and complexity of the weed question become 
apparent. Most weeds are objectionable because, by competition, 
they interfere with the growth of crops. But one crop may be a 
weed in another as with shed corn or potatoes left in the ground. 
Again, in grassland, certain forms may find their way in, e.g., 
Agrostis which, while of some feeding value, are of less value than 
the sown grasses and clovers which they tend to suppress. 

There is a vast weed-lore, passed on down generations of farmers, 
and scientific knowledge of weeds is also very wide. The student 
must not expect to find in this brief chapter even a summary of all 
that is known about weeds. What is wTitten here seeks simply to 
introduce to him the essential principles and the major facts in the 
hope that he may be encouraged to think out his wx^ed problems 
with originality and on sound lines. To guide those who seek more 
detailed knowledge there are reviewed, at the end of the chapter, 
a few' books of outstanding value. 

Damage by wxeds is manifold. The commonest is stultification 
of crop plants by competition. This takes the form not only of 
withdraw al of plant foods from the soil but of crowding and shading 
of the aerial parts of the crop plants. A few' weeds are actually 
parasitic on crops. Some are total parasites having no chlorophyll 
and thus, forming no carbohydrates themselves, depending solely 
upon their hosts. Examples are : “ dodder " (Cuscuta) found on 
clovers and other legumes (C. trifolii) and on fiax (C, epilinuyn) ; 
and “ broomrape ” (Orobanche minor) which becomes attached to 
the roots of red clover, lucerne, and sainfoin. Not infrequently this 
last-named parasite has ruined a whole field of clover. There are 
also partial parasites which, though having chlorophyll and making 
part of their own food, depend in the main upon their hosts. In 
wheat fields the red * bartsia “ (Ikirlsia odontites) is often plentiful 
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and though never serious is a partial parasite. Another example of 
this class, “ greater yellow-rattle ** (RhinarUhus major) sometimes 
seriously affects wheat and other cereal crops. 

Some weeds are important as alternative hosts for fungi or insect 
pests of crops. Charlock harbours finger and toe '' {Plasmodio- 
phora brassicae), a serious disease of turnips and other cruciferous 
crops ; the “ white rust ” (Cystopiis candtdua) which attacks cab- 
bages commonly occurs on shepherd’s purse ; thistles harbour the 
mangold fly {Pegomyia beta ) ; and the notorious bean aphis or black 
fly (Aphis rumicis) often lays its eggs on fat hen, docks, thistles, 
and poppies. 

Farm produce may lie much reduced in value by weeds. Milk 
tainted by the wild onions known as “ garlic ” (Allium vineale.) 
and “ ramsons ” (A. ursinum) has often been reported. Wheat may 
easily become unsaleable because of the presence of “ onion 
bulbils (Allium vineale) or of seeds of the corn cockle (Agrostemma 
Githago, or Lychnis Oithago). Onions give flour a nasty smell while 
the black seeds of cockle may be mistaken for mouse-droppings 
and, in any case, when ground, discolour the flour. 

Certain plants, among them a number of weeds, are poisonous 
to stock. Some of the deaths attributed to plant poisoning are 
undoubtedly due to altogether different causes. The following, 
however, have proved to be dangerous weeds : — 

Bell- bine (Convolvulus arvensis). 

Buttercups (species of Ranunculus), 

Com Cockle (Lychnis Giihago). 

Fool’s Parsley (Aethusa cynapium). 

Hemlock (Conium maculatum). 

Horsetails (mainly Equisetum arvense) . 

Meadow Saffron (Colchicum autumnale) 

information about other poisonous weeds may be found in 
reference (6) at the end of the chapter. 

The normal operations of the field may be much interfered with 
if weeds abound. Roots cannot be hot^d and singled at the proper 
time if the line of the rov s is ob.scured by weed seedlings. Where 
bell-bine ((hnvolvulus arvenis) or other climbing w'eeds are common 
in corn the w ork of the binder ma\^ be impeded and carting is some- 
times delayed because the sheaves require unusually long drying 

But in practice all these forms of damage and loss are of minor 
importance. The average farmer keeps his land more or less clean, 
and it is the great cost of the unending “ controversy with weeds ” 
that represents their true significance. Thus it behoves every 
farmer to make careful study of the weed problem. The practices 
f)roved sound by experience and the increasing resources of science 
must be well understood ; but the essential basis is a knowledge of 
the habits and characteristics of weeds. For identification and 
morphological description of individual weeds the student must 
use a suitable text book (e.f/., reference (1) at the end of the chapter). 
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Here only the general features of weeds at large can be discussed. 

Weeds like all other plants may be classed as annual, biennial 
or perennial. Annuals complete their life cycle in a single year. 
Propagation is solely by seed which, in most cases, is produced in 
great quantities. Most are shallow rooted and therefore easy to 
kill. Their characteristics suggest the general lines of control. 
Seed which is in the ground must be given good opportunities to 
germinate and then destroyed in the seedling stage. Some seedlings, 
especially those which germinate late, will escape and grow up. 
Steps must therefore be taken to prevent them from seeding. The 
old maxim “ One year’s seeding seven years weeding is, and 
deserves to be, repeated whenever annual weeds are discussed. 
Some forms reach the seed -bearing stage very swiftly and a few, 
called “ ephemerals,” chickweed and groundsel, may produce 
two crops in a season. These two, with the poppy, the speedwells, 
scarlet pimpernel, charlock, wild radish, cleavers, fumitory, fat hen, 
annual meadow grass, slender foxtail grass (or black grass), and 
cleavers (or goose grass) are the commonest examples of annual 
weeds. 

The annual weeds common in a district appear in more or less 
regular succession. Thus quite early in the year annual meadow 
grass may make its appearance ; towards the end of winter field 
speedwell, shepherd’s purse, and chickweed germinate ; then come 
knot-grass, later fumitory, and after these the milk weeds or spurges 
as spring advances. To meet these waves of invasion a succession 
of cleaning operations is needed and only by observation of 
characteristic times of appearance can such cleanings be made 
effective and yet economical of labour. 

Prolificacy in seed production and great viability of seed are 
impressive features of some annual weeds. Several estimates have 
been made of seed production by common weeds and the following 
illustrations are drawn from the work of Dorph- Petersen ; — 

No. of 800 (ls pci plant. 

Wild ctirrot ... ... ... ... 4,000 to I 10,000. 

Ox-eye daisy ... .. . ... 1,300 to 26,000. 

Scentless mayweed ... ... 310,000 (average). 

Narrow-leaved plaintain ... ... ... 2,600 to 15,000. 

Sow thistle. . . ... ... ... . . 3,000 (average). 

The seeds of most crops and weeds have their germinating 
capacity reduced to about 50 per cent, after four years’ storage 
and after eight years or so no viable seeds remain. But experiment 
has shown that in some plants vitality remains over mu(!h longer 
periods. Of 107 species tested by burying the seeds in soil at various 
depths, no less than 51 showed some viable seeds at the end of 21 
years. Fat hen showed 30-40 per cent, of living seeds afU^ 10 years 
burial at depths ranging from 8 to 42 in. and docks, black night- 
shade, and broad- leaved plantain were prominent examples of 
great seed longevity. Charlock may grow in abundance where 
20-year-old grass is ploughed up or silt from a neglected open drain 
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is thrown out ; and it is well known that deep ploughing is often 
followed by abundant growth of charlock from seeds which have 
long been dormant in the sub-soil. As it is so often alleged that 
plants have been grown from wheat and lentil seeds immured for 
thousands of years in tombs, it may be well to point out that this 
intriguing story is no more than a story. 

Biennial weeds complete their life cycle in two years. In the 
first reserves of food are stored, seed being produced in the second. 
This habit is ill-adapted to survival on cultivated land and there 
are few biennial weeds. Wild carrot may, however, be fairly 
common in sainfoin and the spear thistle, marsh thistle and hemlock 
(in the hedges) are not unfamiliar biennials in grass. 

In perennials, although seed is formed, survival and increase 
are also ensured by vegetative means. Food is stored in fleshy 
rhizomes or underground stems couch grass) or in roots {e.g., 
dock) from which buds arise in the following spring. These develop 
into new units with roots and leaves of their own and in their turn 
set up food reserves and so spread the plant over an ever-increasing 
area. Storage organs and their buds arc able to withstand drying 
and exposure to frost for considerable periods. Moreover, cultiva- 
tions which break them up into pieces without killing them, simply 
promote the spread of the plant. These facts must be kept in mind 
in devising means for eradicating perennial weeds. 

Growth habit of weeds deserves attention. Forms with a single 
root and long trailing branches may choke considerable numbers 
of 3 "oung plants, esjx'cialh' in the root crop. Knot grass and some 
of the wild geraniums are common examples. Dandelions, the 
greater plaint-tiin and daisies, have a markedly flattened or ro.sette 
habit. Ever}^ plant thus dominates a considerable patch of ground 
and in some pastures the loss so occasioned is serious. A particin 
larly p<.‘rniciou8 habit is the formation of stolons or creeping stems 
with th(‘ development f)f roots and shoots at ever^^ node. Some 
sjKJcies of Agrostls (bent grass or -water grass), assisted by this 
habit, are able to occu[)}' the spaces among the desirable plants in 
grass fl(dds and bit by bit to siippre.ss the more valuable grasses and 
rlovera. The rooting is shallow' so that repeated harrow'ing is a 
helpful check. 

Strength of stem and of root is an important feature and cleavers 
illustrate this. Sometimes this weed is allowed to grow in spring 
corn until the stems are sevwal inches long. Eradication is then 
attem])h'd by harrowing. The fragile stems break but the roots are 
not seriously disturlKnl. In effect, therefore, the cleavers are mere!}' 
pruned and soon grow' again. If the corn grow’s with sufficient 
ra])idity to choke the cleavers while they are commencing re- 
growth, harrowing is sound practice. But a hors(‘ hoeing (shaft or 
whe(‘l 1kh‘) or earlier harrow'ing is much the l)etter practice. Shep- 
herd's j)urse, knot grass, and hog's cress are examplc.s of weeds with 
very strong roots. If allowed to attain a fair size they are difficult 
to cut out even with a well sharpened hand hoe. 



Some of the most obstinate weeds are those that penetrate to 
a great depth. Bell bine, wild onion, dandelions, and dock are 
notorious examples. 

The ecology or adaptation of weeds is an interesting study. 
Associated with different soil types are commonly found certain 
groups of weeds which therefore serve as soil indicators. Common 
examples are : — 

On badly drained soils : meadow sweet, cowslip, silver weed, 
coltsfoot, rushes, some sedges, some mosses, and horsetails. 

On heavy land : creeping buttercup, beggar’s lice, coltsfoot, 
slender foxtail. 

On highly -farmed land, well drained and not very heavy ; 
creeping thistle, stinging nettles, fat hen, chickweed, cleavers, and 
sow thistle. 

On the lighter soils in poor heart : ox-eye daisy, sterile brome 
grass, rest harrow, Yorkshire fog, bent grass (water grass) in grass 
fields, and, especially if lime be deficient, spurrey and sheep’s sorrel. 

On calcareous soils : bladder companion, lady’s mantle, white 
campion, chicory, burnet. 

On soils deficient in lime : spurrey, sheep’s sorrel, cornflower, 
corn marigold, bracken. 

Only a few common examples are given above. Which weeds 
are in association with a soil type depends markedly upon climatic 
factors and therefore upon locality. In one set of circumstances 
bracken may l>e the familiar index of lime shortage ; in another 
spurrey and sheep’s sorrel. 

Weeds may to some extent be indicators of fertility. Thus some 
land is so poor in inherent soil properties and so low in fertility that 
only poor land weeds survive there (see list above) and even these 
are stunted. Really well grown specimens of fat hen, nettles, chick- 
weed, and even couch grass, are by some farmers regarded as signs 
of high fertility. 

('areful attention should be given to the ways in which weeds 
are introduced into an area. Local introduct ion, that is from oth(‘r 
near-by areas, is usually sirnjde. The seeds of many ])lants, 
j)oppy and chickweed, are very light and therefore readily trans- 
ported by wind. Others, e.g., thistles, dandelions, eU^, havt* a }>ara- 
chute-like “ pajipus ” of hairs. The threshing drum and other s(‘ed 
machinery may carry weeds and certain fungoid diseases [e.g., bunt) 
from farm to farm. Birds, mice, and other animals may also 1 m‘ 
agents in distribution. Farm-yard manun^ and .m^ed are probablv 
the most important of the controllable agiuicies of weed dissemina- 
tion. Dirt and other .screenings from the threshing drum are sonit*- 
times thrown on to the manure heap to which weeds may aLso find 
access from hay fed to stock and in which wecnis are abundant. In 
India impurity in cotton, i.e., admixture of varieties, has been 
traced to the feeding of cotton se(*d to the plough bulkxiks. Crushing 
or boiling the seed b« fore feeding has pr^ivcnl an effective prevention. 
Many seeds will pass througli an animal with germination capacity 
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unaffected. Hence manure known to contain weed seeds should 
not be used until it has lain for some months in the mixen. 

Seeds of annual weeds are unlikely to be harmful on well- 
established grass, so that if fresh dung, known to contain such 
weed seeds, has to be applied, it should be used for the grass fields. 

Seed containing weeds is sometimes sown especially when 
farmers use their own seed. The danger from this source may be 
appreciated from the fact that 1 per cent, (by weight) of dock seed 
in a mixture of grasses and clovers results in the sowing of an aver- 
age of at least ten dock seeds per square yard. Devil’s cress or 
Thanet weed (Lepidium draba) is one of the most notorious examples 
of the dangers from seed impurities. In parts of Essex and Kent 
it has almost put some land out of cultivation, while in Hertford- 
shire and Cambridgeshire the rapidity of its spread is alarming. 
Not only does it seed freely, but ite deep, fleshy roots make eradica- 
tion extremely difficult and costly. By means unknown, it has 
reached the United States, Austraba, and New Zealand and in 
parts of these countries is counted one of the worst weeds of arable 
land. How it reached England is doubtful. One authority states 
that it was introduced in the straw-filled beds of soldiers returning 
from a European campaign in 1809. But there is evidence that it 
has come repeatedly in lucerne, sainfoin, and clover seeds imported 
from the Continent. 

Certain legal enactments deal with the introduction and spread 
of weeds. Seeds Acts passed in 1920 and 1925 with Seeds Regula- 
tions issued under the authority of these Acts, compel anyone 
selling seed or offering it for sale to declare in writing at or before 
sale or delivery certain particulars as to purity, germination, and 
presence of injurious weeds. A farmer selling seed to a neighbour 
must comply with these Regulations, and all who handle seeds in 
any way should be familiar with them. They are necessarily 
somewliat elaborate and cannot be fully explained here. In practice 
they are a most valuable safeguard for the farmer and need cause 
him no trouble whatsoever. The Official Seed Testing Station 
(part of the National Institute of Agricultural Botany, Huntingdon 
Road, Cambridge) will deal with any inquiry concerning the purity 
and germination capacity of seeds. Tests are made for farmers or 
seedsmen on payment of a nominal fee and the organisation is 
such as to ensure the issue of results of tests and of special advice 
without any delay. 

Legal action may be taken under the Agricultural Committees 
(Injurious Weeds) Order, 1921, to compel an occupier to clean 
land which, by reason of heavy weed infestation, constitutes a 
danger to neighbouring land. The weeds to which the Order refers 
are ragwort, spear thistle, creeping thistle, curled dock, and broad- 
leaved dock. Complaints under the Order must be made to the 
County Agricultural Committee. 

The particular seriousness of weed impurities in grass and clover 
mixtures should be noticed. It is in these seeds that impurities 
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most commonly occur and as the crops — short leys or permanent 
grass— occupy the land for a long time, the introduction of even 
the smallest proportion of weeds is a grave danger. 

In every arable district there are some weeds which thrive 
particularly in certain crops. The influences of different t 3 rpes 
of weed upon crops have been discussed and it is equally necessary 
to be acquainted with the influence exerted upon weeds by various 
crops and systems of farming. For it is a cardinal principle of 
we^ control to exploit as fully as possible the smotheruig effect 
and other influences and opportunities associated with the various 
crops. To the general body of farming experience upon this point 
may be added Dr. W. E. Brenchley’s valuable data upon the 
weeds notably absent from or present in crops (for full details seo 
Ref. (4) at the end of the chapter). 

Boot crops have, inherently, no special powers of suppression, 
but they lend themselves to we^ eradication. Sown in spring they 
leave the land free in March and April when sun and wind normally 
favour cleaning. Moreover, being sown in wide rows and singled, 
they give full play to hand and horse hoe. While always referred to 
as the “ cleaning ” crop of the rotation they do not always function 
as such in practice. The horse hoe will not clean between the plants 
in the row as some fields bear witness. Further, on heavy clays 
in the Eastern Counties, where spring droughts are common, the 
root fields are often so hard in June and July that the horse hoe 
** jumps badly and destroys more crop plants than weeds. For 
this reason roots are now often omitted from the rotation on the 
heaviest farms and cleaning is effected^fsometimes nominally only) 
by a “ smother crop ’’ of seeds (a typical rotation would be beans, 
wheat, oats, seeds and when the land is becoming foul, a bare fallow 
after the seeds). The present tendency to displace roots (where 
sugar beet is not profitable) because of the labour they involve is 
likely to prove a serious factor in weed control. 

The spring corn shift affords good opportunities for assailing 
weeds. Many seeds are buried too deep for immediate germination 
by the ploughings preparatory to sowing spring corn but, esfKK'ially 
if the weather be favourable, the com is soon sufficiently luxurious 
to smother most of the weed seedlings. The fresh, fine tilth, too, 
favours horse hoeing (shaft or wheel hoe). 

Seeds, provided the plant is full, have splendid smothering 
power. Some of the campions and geraniums can survive shading 
and therefore appear in the seeds shift, but the suppression of 
annual meadow grass, fat hen, dead nettles, knot grass, spurrey, 
chickweed, and speedwell is usually well marked. A sjx^cial case of 
suppression l)y a “ seeds ” crop is presented in the practice of sowing 
trefoil or black medick (Medicago lupulina) with sainfoin. This 
helps to make a good cut in the first year and also smothers the 
weeds. In later years the sainfoin is able to hold its own, whereas, 
if sown alone, weeds often inhibit it in the first year and gain 
permanent foothold. Unfortunately seeds will not smother wild 
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parBiup, wild carrot, dock, and other similar weeds, and this is the 
undoing of those who, on the wettest clay farms of East Anglia, 
are obliged to trust to the seeds shift as their cleaiimg crop. 

Winter com, in general, favours the weeds rather than the 
farmer. Before full spring growth gives definite smothering power, 
some weeds have germinated and gained firm hold. Perhaps the 
best examples are beggar’s lice (or field buttercup), black grass 
(Alopecurus agrestis), and wild oats. These germinate in early 
winter, easily survive the competition of the com, and shed their 
seed before the crop is cut. Where, as described above, for very 
heavy clay, the rotation includes neither root nor spring com shift, 
these two weeds become a serious menaice. A bare fallow tem- 
porarily checks them, but dormant seeds are so numerous that 
there is soon again a full infestation. Regular spring com in the 
rotation is the best safeguard. Horse hoeing is more difficult in 
winter than in spring com, for the land (if heavy) is panned and 
rather hard by the time that it is sufficiently dry to hoe. The 
disadvantages of winter com may be lessened by thorough stubble 
cleaning. 

Peas — whether the field or table type — are the “ dirtiest ” 
crop of the farm. When they are 6-8 inches high they begin to 
“ sprawl ” and cultivation is therefore impossible. But a con- 
siderable time elapses between the latest possible hoeing and the 
development of such an amount of stem and leaf as will give 
smothering power. It is in this interval that weeds find their chance. 
Seldom is the land left in anything but a fairly foul condition after a 
pea crop. With beans difficulties are similar but far less severe 
for cultivation can be longer continued. Fiuther, most beans are 
winter sown and therefore develop their smothering power fairly 
soon after the last horse hoeing. This power, however, is not very 
marked unless there is a full plant and abundant growth. 

In weed control there are certain general principles which 
should govern the employment of the various specific methods 
derived from farming experience and from science. If cost were 
no consideration the land could be kept clean simply by constant 
onslaught upon the weeds. But in all systems of farming weed 
destniction is costly and costs can be kept within reasonable bounds 
only by intelligent attack. In so far as agriculture is a “ controversy 
with weeds ” it must be conducted in a spirit of well-informed 
aggression and the general jui nci pies » are closely parallel to those 
on which modem warfare is based. 

The first princi})le is to get full information about the character- 
istics of the enemy and to watch its movements closely. Next, 
every favourable opportunity for attack which presents itself must 
be seized ; and if necessary, opportunities must be made. To a 
considerable extent the design of any good rotation represents the 
making of opportunities for attack upon weeds. Thus in the 
ordinary four-course, the root break allows direct attack during a 
considerable part of the year — by the plough and cultivator before 



262 


WEi:m 


ilrilling and by the horse hoe when the crop is growing. Pre-crop 
cleaning is possible before the barley is sown, while the seeds shift 
swamps ’’ out many weed forms by its dense growth. Again, in 
the stubble-field, a valuable opportunity for attack may be made. 
By once or twice broadsharing the stubbles and so breaking up the 
top “ crust of the soil, great numbers of weed seeds are encouraged 
to germinate and all these may easily be killed by the normal 
ploughing. 

Timing of the attack requires careful consideration and prompt 
decision. On a day in late April or May when there is bright sun 
and a drying wind, hoeing is extremely effective. But diming a wet 
spell the same implement merely “ moves ” the weeds without 
properly exposing the root, so that, in a short space, growth is 
resumed. For most weed treatments there is a stage at which the 
enemy is particularly vulnerable. In the seedling stage weeds are 
killed by a mere touch of the hoe. As they grow old their root 
hold gets firmer and deeper and eradication is thus far more difficult. 
Again, in the use of sprays full success requires : that the weeds 
should be small enough to succumb when sprayed with a moderately 
strong solution ; that they should have sufficient foliage to be 
“ caught ” by the spray ; and that the crop plant in which they are 
growing barley with charlock in it) should not be so far 

advanced as to suffer significantly from the spray. In practice 
there is no time at which all these conditions are fulfilled and to 
choose the most favourable time calls for sound judgment. 

The attack must be driven right home and the enemy compleUdy 
destrov ed. Thus where beans have to be used as the main cleaning 
crop it is not very effective to horse hoe between the rows, leaving 
a dense growth of rubbish in the rows. Many attacks fail be<',ause 
they are launclted on too wide a front. If a really foul farni has 
to be taken over with no more than normal labour strength it is 
wiso to concentrat(‘ on a few fields every year rather than to make 
a half bearUHl attack upon the whole. 

Th(‘ featur^^ of weeds which dic^tates the most important geiuu'ai 
priiicipies is their method uf increase. For annuals (and the f(‘w 
biennial weeds) this is by seed, and unless seeding is prev(‘nt(‘(i 
there can be no victory. Perennials, increasing by vegetativ(‘ 
means, are riior(‘ difficult. U})on them the r(q>eated skirrnisliing 
attack with the lioe has little eff(*et. They must be attacked in 
stnuigth by deep ploughing or fallowing. When they first b(*gin 
lo invade a field hand lifting is well worth while- 

All these principles must be borne in mind in apjilyin^ tlu* 
sjiecific methods which are now to be reviewed. 

Insistence on weed -free seed, care wdth dung, a good rotation, 
and certain other w(‘ed control measures which Jiav(^ alrewlv come 
under notice, need no further mention. (Irass-land weeds are dealt 
with in a later passag(n The remaining methods come under the 
headings of handwork, cultivations, fallowing, and chemical treat- 
ment. In some countries, e.g., Australia and (ireat Britain, efforts 
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are \)emR raw\o to devi«‘ biological control ol weeds. This implies 
the introduction of some insect, iungiiB, or other organism which 
is particularly deHtructive to the weed. So far only the oxx)eriniental 
st^c has l)een reached. 

Hand methods are very costiy, but are sometimes justifiable. 
Invasion by a new and dangerous weed should be met, at the outset, 
by hand eradication (r/. the case of devil’s cress already cited). 
Tlie sides of a cart road often harbour couch which bit by bit is 
carried by ploughing, harrowing, etc., into mid-field. Some farmers 
find it worth while to fork the sides clean every 2-3 years. Repeated 
cutting and spudding will ultimately destroy those perennials which 
have tall stems, c.g., thistles. By allowing them to grow until on 
the point of flowering, then cutting, and after re-growth cutting 
again, they may be exhausted. 

Deep ploughing helps to extirpate thistles and other f)erennial8 
and by deeply burying weed seeds causes a proportion of them to 
rot. The horse hoe, of which two main types are employed (the 
wheel -less and the shaft hoe) is the standard implement for use 
against weeds. As already explained its efficiency very largely turns 
on the condition of the soil and the nature of the weather at the 
time of hoeing. The special features of stubble cleaning, using 
the broadshare cultivator, should be carefully borne in mind : 
they have already been described. In hoeing root crops the shaft 
hoes with a disc at each side of every blade make it possible to 
hoe close up to the plants even in the ver\ early stages of 
growth. 

Fallowing is a difficult art often prac^tised vitli vast skill by 
heavy -land farmers for whom, in spite of its immediate economic 
disadvantages, it is from time to time a necessity. In essence it 
consists of a ploughing in spring to throw up the land into well- 
formed furrow slices which are allowed to dry out completely into 
“ blocks ” or huge clods. Couch and other perennials are thereby 
“ baked out ” and when this has been effected the blocks are 
broken up by the cultivator and harrow to expose and germinate 
the weed seeds dormant in them. Only a stiff clay will block up 
well and the nicest judgment is required to kill all the weeds and 
yet leave a suitable fineness of tilth and firnmess of bottom for 
the next (autumn sown) crop. Mistaken zeal often results in too 
fine a tilth which pans badly in the autumn rains and ruins the 
seed l>ed. On lighter land couch is dealt with by ploughing and, 
when the furrow is drying, dragging out by the harrow . Soil con- 
ditions must be exactly right for this and great care is necessary 
in choosing first a harrow to pull out the couch and then another 
(usually a chain harrow ) to collect it for burning. 

Chemical treatments consist in the use of sprays or powders. 
Copper sulphate is often sprayed on to charlock in corn ; certain 
other weeds also succumb to it ; and sulphate of iron is in many 
cases successful. Wet sprays must be applied when the weeds are 
dry, i.e.y not in or immediatoly after rain. Powders (dry sprays) 
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should correspondingly be used in the early morning when the leaves 
are dew-covered. E^ely ground kainit is the most useful powder 
treatment and it has produced excellent results in com crops foul 
with charlock. Every form of spraying results in a certain amount 
of injury to the crop. Cereals suffer least, especially when young, 
because of the narrowness and set of their leaves. Where they are 
undersown with seeds, however, caution is necessary. The form 
that caution should take cannot be specified. All the circumstances, 
especially the state of the crop itself, must be considered and solu- 
tions of two- thirds the usual strength are probably advisable. Before 
employing sprays study of the details should be made and reference 
(1) (Long, H.C.), p. 26 and p. 48 will prove a useful guide. Reference 
(7) may also be consulted. 

On grass-land the weed problem is peculiarly interesting and of 
great practical importance. The direct action regularly taken 
against weeds on arable land is here impossible ; and, since, if 
hungry enough, stock will eat almost any weed, the farmer is apt 
to fall into unthinking toleration of grass-land weeds. If the watch- 
fulness, determination, and ingenuity (sometimes) brought to bear 
on the weeds of the tennis court and cricket field found its way 
into our meadows and pastures, there would soon be a vast improve- 
ment in the national agricultural resources. Hand spudding and 
other costly treatments are usually impossible on the field scale, 
but there are certain lines of action which, persistently followed, 
are bound to bring success. The first essential is to form a clear 
idea of the meaning of weeds in grass. Some plants like horsetails 
(Equiseium) are poisonous ; others like wild onion taint the 
milk ; many — including commonly thistles, the larger plantain, 
ox-eye daisy, wild carrot, buttercup, swine’s cress and hogwoed — 
are of no feeding value at all. 

On wet, heavy, neglected grazings in East Anglia the whitethorn 
is a characteristic and most dangerous invader. Apart from the 
space occupied, it pulls the fleece of shetjp, and if left alone l>ecomes 
an impenetrable thicket. All these weeds are obviously bad and 
should be attacked by spudding and repeated brushing. It is 
particularly necessary to deal with them in newly-sown grass 
before they gain a firm hold. 

Next in the scale is a number of plants which really hungry 
l)eaRts will graze, but which have very little food value. The 
brome and fa]s(‘ brome grassfis, rushes and sedgfis fin; well known 
examples. 

Merging into this grouf) are certain plants which, of some focnl 
value and in sjjocial (urcumstances of consideral)le value because 
the better grazing 8jx;cjes will not thrive, may yet rank as we(;ds 
because, by excess, they inhibit more valuable forms. Among them 
ar(; yarrow, burnet, sorrel, and the three grasses : couch, Yorkshin; 
fog, and water grass or bent (Agrostia). The last named is the best 
example. Woodman has shown that its young growth is highly 
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nutritiouB . When older it ia coarse (hbrouB') and \m.pa\atab\e . IMLore- 
over its abundant creeping stems (stolons), rooting at every node, 
soon suppress most other grasses and are the worst foe of wild white 
cloN'or. It is often stated that this gi^ is a sign of wetness, but this 
is a half truth. Essentially, it is a sign of soil poverty in the broad 
sense. Grass-land on heavy, undrained clay is always invaded by 
water grass and, indeed, in time becomes almost pure water grass. 
But equally severe invasion may be seen on thin sandy soil over- 
lying chalk where the natural drainage is extremely sharp. The 
vulnerable feature of water gra^ is its stoloniferous habit and 
shallow roots. By repeated harrowing it may be removed in great 
quantity. And — a point of great ‘importance — if other creeping 
plants, esjKJcially wild white clover, can be encouraged, water grass 
may be defeated by the tactics which are so characteristically its 
own. 

Among the mosses — cryptogamic or non- flowering plants — are 
certain which frequently invade grass fields. Though so commonly 
associated with abnormal wetness they have a considerable range. 
Thus, after the very dry summer of 1929 when, in East Anglia, all 
but the best grass fields were full of ^all bare patches, moss com- 
pletely filled in the spaces. Harrowing and encouragement of 
grasses and wild white clovers by manuring, are the most effectual 
tn^atments for moss. 

'riiere are six cardinal principles for weed control in grass-land : 
(1) wIkmi sowing down grass ensure a dense plant, use seed free 
from weed impurities, and make sure the land is free from pereimial 
weeds ; (2) persistently spud or cut thistles, thorns, and other big 
w(^ed.s ; (3) harrow out water grass (bents) ; (4) make sure that 
fertility is maintained ; (5) drain when necessary ; (6) graze as 

hard as possible. Now these are six familiar recommendations, but 
attention must he called to certain aspects of them which are com- 
monly iK'ghH'ted. Everyone harrows his grass in spring — or is apt 
to be chaffiHl by his neighbours for neglect. It is simple and 
inexpensive and leaves on the face of the fields those attractive up 
and down strij)s whicli we all admire through the windows of the 
train. 'Idieorctically , too, it “ aerates the surface of the soil.” 
But in harrowing - -as in all cultivations — it is necessary to observe 
closely the actual effect produced. A single harrowing may do 
little to disturb (uthcr water grass or moss and it is to be doubted 
whether, on much of our grass-land, the customary process is of 
any real value. Nome tliree to five harrowings, using a suitable 
typt‘ of harrow, may, however, be of great advantage where water 
grass ivS abundant. 

Maintenance of fertility is an important anti- weed measure. 
Gra.ss, like arable (toj)s, must be given nitrogen, phosphates, and 
potash. Precise rcciuiremcnts ilcpend upon locality and other 
circumstanctLs. But over wide areas there is a shortage of available 
nitrogen, and as a n^sult water grass and other weeds make headway 
against the plants desired for feed. It deserves to be noticed that 
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applications of sulphate of ammonia (especially with sulphate of 
iron) have a considerable effect in weed suppression by direct 
action on broad-leaved weeds as well as by promoting development 
of more valuable plants. By judicious use of this fertilizer and a 
certain amount of hand lifting or poisoning (pricking with a syringe 
containing some weed killer), athletic grounds, race-courses and 
parks may be freed from even the heaviest infestations of plantain 
and some other broad-leaved weeds. Of equal importance is basic 
slag. Dressings of 8-10 cwt. per acre have again and again doubled 
the value of pasture by promoting the growth of wild white clover. 
No amount of nitrogen will assist grass-land where there is a marked 
lime shortage. The need for potash and lime must be carefully 
considered in every case. But, almost universally, a nitrogenous 
fertilizer and basic slag are of first importance. The encouragement 
they give to valuable grasses and clovers may always be relied upon 
to bring about a firm check upon weeds. 

When all these anti- weed measures have been apphed it remains 
to adopt that form of management which will best ensure their 
effectiveness ; that is, close grazing. Stock cannot be bought in 
and maintained simply to keep grass fields in good order ; on the 
other hand, without heavy stocking there can be no good grass. 
There is a vicious cyple — limited stocking, prevalence of weeds 
(especially water grass), suppression of wild white clover, and so 
stead V reduction in stock carrying capacity of the grass. There is 
a m&gic cycle in which figure the counterparts of all these undesir- 
able things. In practice, some middle course must be followed. 
The plea made here for close grazing is identical with what would 
be urged from the point of view of increasing the productiveness of 
grass-land : and, in fact, steps which directly increase productive- 
ness are the stejjs which also suppress weeds. Remem l)ering that 
water grass is in general the worst weed of grass-land, we may 
safely say that the two best weeders are wild white clover and 
sheep. 

A selected list of about one hundred common weeds is given with 
the botanical names arranged alphabetically under the Plant 
Families and the popular names (those employed in this chapter). 
In this A = annual ; B ~ biennial ; P ptirennial. Pertain 
features of this list are interesting. Only 26 families hav(‘ to ho 
included and among them are the Kquisctaceae (horsetails) which 
Ix^long to the non-flowering or sjiore- forming plants. The two 
raonocotyledonoiis families, Gramineae and Liliacea^, contain some 
of the most objectionable of our (common weeds. Annuals, in the 
list, outnumb(‘r [)i‘Tennials by more than two to on(\ The families 
containing the greater nuiulK;rs of inqiortant (-ommon weeds may 
jierhaps be said to Ik* : Cruciferae (mainly annuals) ; (Vmqiosita* 
(annuals and perennials in about equal nu mixers) ; Graminea* 
(annuals and fierennials in about equal numbers) ; laliacx^ae (all 
jierermials, viz., onions) ; and RanuiKnilaceai. 'I'lu? (’rucifene and 
(lompositae contain the greatest numkirs of common weeds. 
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A U8T 0? COMMON WEEDS OF ARABLE LARD. 

A Btimu&l y B = bicntvift.! *, R = A cornplcte dBscrip- 

lion ol all these weeds may be found in Reference (1) (Long, H C.) 
noted at the end of the Chapter. To trace alternative popular 
names of weeds the reader should consult Reference (4) (Brenchlev 
Dr. W. E.) 

NON' FLOWERING (Spore-forming) PLANTS. 
Eqitlsetace.e. 

Equisetum — Horsetails ... ... ... ... ... ... P 

(there are several species of which E. arvense is most common). 

MONOCOT YLE DON E8 . 

Liliaceje. 


Allium oleraceum — Field Garlic ... ... ... .. . P 

,, vineale — Wild Onion, Crow Garlic ... ... ... P 

,, urainum — Ramsons ... ... ... ... ... P 

Gramine^e. 

Agropyrum repens — Couch or Twitch ... ... . .. P 

Agroslis vulgaris — Bent or Water Grass ... ... ... ... P 


Atopecurus agreatia — Blackgrass or Slender Fo.\ tail 
Arrenatherum avenactum var. bxdbosum — Onion Couch ... 

A vena fat ua — Wild Oat 
Bromua arvenais — Field Brome-grass 
Bromus sfcahnus — Rye Brome-grass 
Poa — Annual Meadow Gras.s 

DICOTYLEDON KS. 

Urticace.e. 

Urtica dioica — Big Stinging Nettle 
,, ure.na — .Small Stinging Nettle 

Polygon ACE -E. 

Polygonum aviculare - Knotgrass or Knotw^^ed ... 

,, convolvulus Bindweed or Climbing Buck 


wheat 

, , persicaria — Redshank 

Rumex acetosflla- Sheep' SorM . . ... ... . P 

,, crispus — Curled Dock ... ... .. . . P 

,, obtusijolius — Common Dork ... ... ... ... P 

Chenopodiack/E. 

/kWto^rt -S{)ear leaf Orache ... ... ... .. A 

,, patula — -Spreading Orac he ... ... ... ... .A 

('henoj}odium alburn —V At llvn or Goo^viooi ... ... ... A 

CaK^ OPHYLLAi’K .i:. 

Annariatfnnifolia >>HUt\\\{n'i ... ... . A 

(Urastiurn vulgatnrn — Mon.s(*-ear ( ’liu kwced ... P 

Lychnia Githago A grosUrnma Giihugo ) — Corncockle ... ... A 


>> > 
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Lychnis alba — White Campion 
Silene vulgaris — Bladder Campion 

Spergula arvensis — Spurrey 

Stelluria media — Chick weed 

Scleranthus gnnuus — Knawel 

Ranunculace^. 

Ranunculus arvensis — Field or Corn Buttercu}) or Beggar'fl Lice 
repens — Creeping buttercup 
,, bulbosus — Bulbous buttercup 

Papaverace^I’:. 

Papaver rhras — Popj)y 

, , dubiurn — Poppy ... 

Fumaria of fid nulls — Fumitory 

Crucifer.e. 

Brassica sinapis {— S ina pi s ar vends ) — Charlock 
Capsella bursa pastoris — Shepherd’s Purse 
Lepidium campestre — Field Pepper wort ... 

Lepidium draba — Devil's Cress or Thanet Weed 
Raphanus lupkani strum— Wiki Radish, Riiiu h or Jointed 
Charlock 

Senebiera coronopus — Swine's (Vess or Wart ( ’rcs^ 

KSisyrnbruun officinale — Hedge Mustard ... 

Sisymbrium alliaria — Jack by the Hedge 
Thlaspi arvensf — ^Penny Oess 

Rosace.k 

Alchemilla arveusis -hu({\'s Mantle 
Potentilla anserina- Silver Weed ... 

( Veeping Cinquefoil .. 

Gekania(’E.i: 

Geranium dissecium — Cut-leaved (’ranesbill 
moUc — Dovesfoot Cranesbill ... 

Roljertianum — Herb Holw^rt 

ErpHuK HIA( h.K 

Kujfhinhta exigua I )v arf S])Urge. . . 

heitoscopKi Sun Spurg(* 

('apeT-S])Urge 
ju pi us I’ftt Spurge ... 

\ i( 'L ace/f:. 

i lula (iH'olnr PansN' or Heart.sea.s<* 

Cm hellikeke.i; 

^ Lgojud mm jjodagra rid — (iout W(‘cd 

Adhusa njnapmm -ViU)W l^aisley 
I)(i ucus <,arota- - W \\(\ (’an'ol 

Scundix pfrteu ■!( urns SheplwnW ruM-dlr ,i \cmi-(onil> 

- Hedg#‘ parsley 


V 


A 

A 

A 

A 

A 

A 

V 

I’ 


A 

.\ 

A 

A 

A 

\ 


\ 


>>> >>> 
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PRIMlJLACK.f:. 

Anagallia arvensis — Scarlet Pimpernel ... ... ... ... A 

CONVOLVULACE^. 

Convolvulus arvensis — Field Bindweed ... 

,, sepium — Great Bindweed, Bearbine 

( 'uscuta epilinum — Flax Dodder ... 

europan — Dcnlder of Vetchen, Wild Carrot, etc. 

,, gronovii — Dcxlier of Lucerne, etc. 

,, trifolii — Clover Dodder ... 

Boragine^. 

Anchusa arvensis — Bugloss 
Echium vulgare — Viper’s Bugloss 
Lithospermum arvense — Corn Grom well ... 

Myosotis arvensis — Field Forget-me-not or Scorpion grass 
,, versicolor — Forget-me-not 

Labiate 

Caleopsis teirahit — Hemp Nettle ... 

JMtnium album — White Dead Nettle 

,, amplexicntUe — Henbit or Henbit Dead Nettle 

,, purpureum — Red Dead Nettle ... 

Mentha arvensis — Corn or Field Mint 
Nepeta glechoma — Ground Ivy 
Stachys arvensis — Corn Woundwort 

Solan ACE^:. 

-Black or Garden Nightshade 

SCROPHrLARIAGE.^:. 
lAnaria vulgaris -YeWow TosARax 
M elarnpxjrum arvense — C/Ow- wheat 
Vf'ronica agrestis — (bra Speedwell 
Buxlxiumii. 

/ifY/enr/o/ia— Ivy-leaved Speedwell 

0ROBANCHACK.+:. 

^ frnfxi nr he minor Broom ra|>e 

Planta<une-1>:. 
rid nUvjo lanceolnta — Ribwort Plantain ... 

,, Broad -leaved Plantain, Greater Plantain 

RuBi.\rE.E. 

(Jdh u m a parine -Cleavers 

, , tricorne - ( 'orn Bedstraw ... 

Shcrardw arvensi.s - ~ Field Madder 

I)lP.SA('E.'K. 

Nra/>io.sa a rrr /us f.v- Field Scabious 

COMPOSIT.I*:. 

anY'//.s/‘ -Corn C’hamomile 

,, cotida -vStinking r’hamomile or Stinking Mayweed .. 

(’//// /I //.s -CornHower 


<<<<< ^ Cm <<< <<< 
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Cirorium inti/bus — Wild Chicory ... ... ... ... P 

Chrysanthemum segelum — Corn Marigold, Yellow Ox-eye ... A 
CIr.'iium arvense — Creeping Thistle ... ... ... ... P 

Gnnphalium w hV/ir? 0.5 i/m— Marsh Cudweed ... ... ... A 

Lap.sana communis — Nipplewort ... ... ... ... ... A 

Matricaria chawomilla — Wild Chamomile ... ... ... A 

,, mud or a — Scentless Mayweed or Corn Feverfew, 

H(^rse Daisy ... ... ... ... ... ... ... A 

Senecio vulgaris — -Groundsel ... ... ... ... ... A 

Sonchus arvensis — ^Perennial or C/orn Sow Thistle ... ... P 

,, oleraceus — Annual Sow Thistle ... ... ... A 

Tanaceium vulgare — Tansy ... ... .• ... ... P 

Tussilago farfara — Coltsfoot ... ... ... ... ... P 


To amplify the general principles which have been outlined and 
for the identification of weeds and their seeds the following sources 
may be consulted : 

(1) Long, H. C. ‘Weeds of Arable hand” — Miniatry of Agriculture and 

Kiriheries. Miscellaneous Publication No. 61. 1929. Price 2fl. 6d. 

Tins di8( u.Ms/‘8 general principles of control, etc., but is mainly 
de\’oted to dcscriptjon.s of all the commoner weeds. Tliere are excellent 
(ImgrarTis and the points of agricultural interest connected with the 
various weeds are clearly explained. It is a standard guide to arable 
weeds for stvaients and farmers. 

(2) Bknih.\m, Cl, and Hooker, .1, D. “Handbook of the British Flora.” 

7t>i (dition 1924. (1 volume of descriptions and 1 volume of illus- 

tra’ I'-jiH. ) 

}■ .r thf . lassific ation, full botanical description, and identification 
of all the wild flowering plants of Britain this is the recognised popular 
aiJtliontv. It js not written for agricultural purposes. 

) iloiiNs. ( , A ■' Flowers of the Field.” Revised edition. (By Boulger, 
(i S : iltUfj. 

jSeginners aiai ttiose with little botani(;aI knowledge may prefer this 

to /2 

(4’ Bki Dr. VV. E 'Weeds of Farm Land ” London. 1929 

l.on^rauui', * Ireen ^ t’o. 

hi this eo/n})re}iensi v^e treati.sf* are diseussed (he boUinieal facts 
(/I! wliM h depend t lie systernatK' control of weed.s. Methods of spread 
and of prevention, poisfuious weeds, and the types of w'eed eornraonly 
asHx ;«Atefl with (iifferent <'rof>8. soils, and grasslands, are fully exjilainetj. 
F oiar V weeds (here is a eon.sHlerable nuinlxtr of different local names 
and to t hf .sa liu- final chapter i.s a useful and interesting guide. 

I’.AK 1: 1 . ' < *N, S d\ and Smith, tl, ''Impurities of Agricultural Seeds 
V. nil 1 >('sr ription of (yOininonly Occurring Weed Sta-ds and a Guide to 
tfici! 1 del it ihcat ion . London ; Headley Brothers 

ria re are detaik-d de.senpt ions with photograf;hs and keys for 
id« rit iH( at jon togeitK-r w ith lists of impiiritie.s associated with rertain 
er(t}is and ' ''nntries. 

t i Lo\{;, ff. ( Plants Ihiisonoii.s to Livestoik,’ f'andiridge ; at the 

I ni\ Prn.ss. pe>4 

])* -( notion'- : g.vt-n oi the i haraeteriHtie.s of all the I'Ommoner 

fioisf)raais plai.t and of ffio.-.e fleleferKci.s to milk production. 

;7j BoT’Rr'AH'r. F 1 n''eft ic.-des. fungicides, and B^eedkillers. ” Scott, 

GrcMuivvof.i I iV Son, l.,nridon. 192.0 



CHAPTER Xn 

THE GRASSES : SYSTEMATICS AND BIOLOGY OF. 

Thk Natural Order GramineeB is one of outstanding importance 
from the point of view of food production, for in addition to including 
the plants popularly spoken of as grasses, it includes such cereals 
08 wheat, oats, barley, rye, maize, rice, and millet, and also a 
number of other valuable plants such as the sugar cane and bamboo. 
The group is a large one containing between five and six thousand 
species, distribujbed through all parts of the world. In this country 
it is represented by about one hundred species of which less than 
twenty can be considered of much agricultural importance. These 
latter are the grasses which constitute the greater part of the flora 
of the cultivated grasslands, namely, meadows and pastures. 
Species generally looked upon as weeds, though valuable under some 
circumstances, and the gra-sses of mountain pastures form a simi- 
larly sized group, whilst the remainder are plants of botanical 
interest only. 

The characteristics of the Gramineae are so clearly defined and 
so unlike those of all other groups of plants, that a grass can be 
recognized as such at sight with considerable certainty. But the 
full determination, first of its genus and then of its species, usually 
requires a detailed examination of the plant. The characters or 
which the systematic botanist chiefly relies for the classification of 
the grasses are provided by the flowering shoots or inflorescences. 
But these are insufficient for the agriculturist, who has to be able 
to recogniz(‘ the various species either before they come into flower 
or when they have been heavily grazed. Such identifications ar 
not as difficult as would appear at first sight, for the grasses differ 
much amongst themselves in their habit of growth, and their foliage 
provides a number of distinct morphological diflerenoes. Kveii the 
seeds can he identified with compleU‘ certainty if attt*ntion is paid 
to a few distinguishing features. 

Inflorescences. -There are three types of inflorescences amongst 
the grasse.s- - the panich*, the spike, and the spike -like panicle. 
The panicle is a branched inflorescence. A typical example is 
providetl by a head of oats. This type is characteristic of the 
following genera : Agrostis (bent grasses), Avena and Arrliena 
therum (oat grasses), Holciis (Yorkshire fog), Bronui > fbroiiK' 
grasses), Fc stuca (fescue.s), Poa (meadow grasses), and Da' tyli.' 
(cocksfoot). 

In the spike there is a complete absence of branching and the 
groups of flowers or “ spikelets ” are seated directly on alternate 
notches on the central stalk, or “ rachis,” of the inflorescencic 'Flus 
form occurs in Loliura (rye grass), Cynosurus (dog’s-tail), Agropyruiu 
(couch grass), Hordeum (barley grass), and Brachypodiuni (toi 
grass). 

The spike-like panicle closely resembles the spike, but if it !.*> 
dissected the spikelets are found to be borne on short branches 
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arising froiri the rachis. It is found in thr following gone Ta : Phleuin 
(Timothy gra'^s^ Alopeciirus (foxtail), and Aiithoxanthum (sweet 
vernal grass). 

The structure of the flowers is singularly constant throughout 
the Graminese. It is best seen in comparatively large-flowered 
examples such as wheat or oats. Each flower consists of thret^ 
stamens, a single carpel with a bifid feathery stigma and a pair of 
5 mall, easily overlooked scales, known as “ lodicules ” (Fig. 30). 

One of the few exceptions to this type of 
structure is provided by sweet vernal grass, 
in which only two stamens are present. The 
flower is completely enclosed by a pair of 
more or less boat-shaped scales or “ palese,” 
one of which, the “ outer palea,” overlaps 
the edges of the other or ‘‘ inner palea.” In 
the oat several flowers are borne on a short 
central stalk or “ rachilla,” and they are 
completely enclosed by a pair of large chaffy 
scales or glumes.” In most grasses, how- 
ever, the glumes are of much the same size 
as the outer palese. The whole structure, 
that is, glumes and flowers taken together, 
constitutes the spikelet. There are some 
genera in which the spikelet contains only one 
flower. This provides a useful characteristic 
for recognizing Phleurn, Alopecurus. Agrostis, 
Aiithoxanthum, and Hordeum (Fig. 31). 

The pollination of the flowers of the 
grasses is dependent upon air currents. 
When the stamens are mature a rapid elon- 
gation of their filaments pushes the anthers 
clear of the slightly gaping paleae, and the}’ swung freely in the wind. 
At each puff a minute cloud of pollen is ejected through a slit at 
the apex of the anther. Some of the grains are thus likely to find 
a resting jdace on the fluffy surface of the stigmas, which in t urn 
protrude from the palea* when in a receptive condition. Gross- 
fertilization is further secured f)Y the fact that the stamens and 
( arpels on the same inflort'scence may mature at different periods 
Idius in the meadow foxtail the stigmas protrude from the palea- 
tfirec or four days before the stamens are ready to shed their 
}!oIien. At this stage then the flowers are to all int(*nts and 
jcoj loses female only, whilst later they Ix^come male Self- 
f‘‘i tilization. though j)robal)ly rare in the natural state, can he 
♦ flt eh'd artificially in a number of species Th(‘ seeds resulting 
from the application of the plant’s own pollen to its stigma com- 
monly germinate badly and give rise to y)lants apyireciably less 
vigorous than the j)arent. 

In the cereals, on tlie otlu'r hand, the flowers are usually self- 
] ollinab fl, and their fertilization is the direct result of the anthers 



P'low'er of a grass witli 
tlie outer palea removed . 
r, tlie inner palea ; l. the 
two . lodieiiJes ; o, tlie 
single carpel with two 
feathery stigmas s ; and 
A, the three anthers. 
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dehiscing and shedding their pollen in the unopened flower. It is 
only when the carpel has begun its final stages of development that 
the palese open slightly, and the now useless stamens are pushed 
out. When this occurs the plants are often said to be in flower, 
and farmers become needlessly anxious about weather conditions 
affecting the setting of the grain. 

It is on account of this self-fertilization that true breeding kinds 
of the cereals exist. In the grasses the crossing of slightly differing 
forms makes the production of similar “ pure-lines ” (p. 407) 
impossible. It also explains the fact that when seed is taken from 
a single plant, of perennial rye grass for instance, the resulting 
plants usually differ much amongst themselves. 




Fiu. 31. - 

A, spikelet of wheat Hliownij^r five fiowerK and broad glumes.- 

B, single-flowered spikelet of barley with narrow glumes. 

t , spikelet of oat with the large pa|>ery glumes opened out to show the two 
flowers. 

o, glumes, r, outer palea and H, ra«'hi.s. 

The carpel mat tires to form a type of fruit known as a 
‘‘ earyo])sis ” It is particularly characteristic of the Gremiiieae. 
The testa of the single seed fuses with the inner wall of the carpel 
so completely that the two structures are inseparable. Thus the 
so-calh'd “se<‘d” is, botariically speaking, a fruit. Typical examples 
of such seed are jirovided by grains of wheat or maize, but in the 
majority of the grasses the setnls are still more eomplex structures, 
for the caryopsis is g(*nerally enclosed by a pair of paleae. The 
commonest form i’(‘sembles the grain of an oat inavSrnuch as the 
caryopsis is comjiarat iv(‘ly lightly gripped by the paleae, and it may 
be fr(‘t‘(l if the Het*d is exposi^l to cxcejitionally rough handling 
(lining the cleaning procesvses which bulks of seed have to undergo. 
Practu’ally the only grass seed in which naked caryopses occur in 
abundance is that of 'Fimothy grass. When fully ripe the seeds are 
detaclu'd from the inflojesccnce by the fra(‘t\inng of the raehilla. 
This hn'aks immediat('l> below each seed, with the result that the 
joint carrying tlH‘ .s(‘<‘d above remains atta(*hed to it (Fig. 32). 
In somt‘ few cases th(‘ ort'akage (xaairs immediately below the glumes, 
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and the seed then consists of the complete spikelet. The grasses 
in which this occurs have single-floweri spikelets, e.g., foxtail and 
sweet vernal, or two flowers of which one only sets grain as in 
Yorkshire fog. 

Size provides one of the 
more important characters 
used in the identification of 
seeds. The extremes amongst 
the grasses used in farming 
practice are tall oat grass with 
a length of 6 to 10 mm., and 
florin, which only measures 
15 mm. Their dimensions 
are reflected in their weight : 
one pound of the former con- 
tains 130,000, and of the latter 
5 — 6, 000, 000 seeds. Thenum 
her of seeds per pound is /v 
matter of importance in de- 
ciding on the quantity to be* 
used in making up mixtures 
for putting down land to grass. 
Data on the subject, together 
witii the quantity necessary to sow a statute acre, are given in the 
following table : — 

Quantity in^eoBaary to sow 



A, a c’omplete four-flowered spikelet of a 
grass : B, the same spikelet with the seeds 
sejiarated from one another (diagram- 
matir); r;, the glumes; k, the rachilla ; 
and 8, the 


i'on'iiiual rye grass 

Number of 
seeds per lb. 
237,000 

Millions of 
seed. 

8 

Weight 

Ih«. 

35 

Iralian ryo grass 

228,000 

8 

36 

Timothy 

.. 1,070,0(K) 

12 

11 

'tall oiit grass 

130,000 

6 

46 

Ooiden oat g7*ass ... 

... 1,300,000 

12 

9 

Cocksfoot ... 

460,000 

8 

17 

Tfill h'scuo 

220.000 

6 

27 

Meadow fescuv' 

263, OfK) 

8 

30 

Hard fescue 

500,000 

12 

24 

Sheep's f<*s('ue 

. 1,170,000 

761,000 

18 

16 

Crested dog's-tail ... 

12 

16 

Meadow foxtail 

460,000 

8 

17 

Fionn 

. . 5,000,000 

10 

2 

,Se cot ^'('rnal grass 

800,000 

12 

If) 

’,nio th -.stalked meadow graas 

2,130,000 

le 

7 

Koiigfi stalkerl meadow greaw 

2,300,000 

IT) 

H 


The awns, when present on the paleee, provide a useful series of 
haraotera for the identification of grass seeds Where they are 
absent the tips of the seed are blunt (e.g., the meadow grasses and 
p( rennial rye gross), or rather sharply poinU‘.d, as in eocksfoot, and 
crested dog’s-tail. If the ]ioint exceeds the Ictigth of the palea, the 
seed is described as “ awned.” This, however, is a somewhat 
conventional minimum, the awns frequently being several times 
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the length of the palea. They may be home at the apex of the seed 
or “ terminal,” halfway down its back or ” dorsal,” or at its base 
or ” basal ” (Fig. 33). Terminal awns are characteristic of Italian 
rye grass, some of the small fescues, barley grasses, and of the 
bromes, in which they spring from between two distinct teeth. 
Dorsal and, at the same time, twisted awns occur in tall and golden 
oat grass, and the wild oat, whilst basal awns are found in the 
genus Aira (hair and tussock grasses). The awns on the seeds of 
sweet vernal grass spring from the glumes, the thin papery palese 
within them being awnless. 



A, whmIs with torriunal awn . Bromiis inollwt. 

B, FkHMia with (lornal awn ; Averui tiavescens. 

with haaal aw’n Aira Htxu')sa. 

The palese forming the outer coat of most of the grass seeds are 
glabrous, or the hairs on them are so feebly developed as to lx 
invisible without the aid of a lens, but in a few species, such as 
golden and tall oat grass, the seeds are distinctly hairy, owing to 
the presence of tufts of bristles at the base of the paleas and on the 
rachilla. In the meadow grasses also a web of soft hairs springs 
from tlie lower parts of the palefle, but only traces of it are visible 
in commercial samples, owing to its removal during cleaning opera- 
tions. The seeds consequently do not aggregate into woolly flocks 
as they otherwise would The soft velvety surfaces of the seeds of 
meadow foxtail, sweet vernal grass, and Yorkshire fog are due to 
the hairs on the persistent glumes. 

The dispersal of grass seeds is largely effected by the wind. 
Many are well adapted for this purpose by their small .•^ize, by 
their flattened shape, or by the presence of a web of hairs which 
serves as an efficient float. Strongly awned seeds, however, are 
often distributed by animals : the aw'ns, which are often rough 
owing to the development of rows of minute teeth on their edges, 
cat(‘hing readily in the coats of sheep. Imported wool often 
contains a striking assortment of the seeds of such ** burr ” grasses 
which have to be removed before manufacturing operations can 
commence, whilst seeds of the sterile brome grass and of the barley 
grasses are common in the fleeces of English sheep. 
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The germination of grass seeds is similar to that of the cereals 
(Fig. 34). The germinating capacity, too, is nowadays comparable 
with that of well-harvested wheat or barley, and seed guaranteed 
by the vendors to germinate from 90 to 99 per cent, is generally 
purchasable. When it is realized that owing to the uneven ripening 
of the inflorescences of many species, much unripe seed is inevitably 
harvested which has tlien to be separated mechanically from the 
A fully developed seed, the results are 

/ \ , ^ remarkable. The seed of the more 

I \ / j \ generally used species, too, is now 

. \ / y yl being marketed cheaply. That of 

11) / I 1/1 perennial rye grass, with a guaran- 

\ \ ( / J y / teed purity of 99 4 per cent, and a 

\ \ \ / / m germinating capacity of 94 per cent., 

M / bought at fourpence a 

1 ] / / . ) \\ pound, or at the rate of approx i- 

\ I J \\ ^ mately 60,000 seeds for a penny. 

1 W dbl Stems and Foliage. — The stems, 

j or “culms, ' of the grasses are rounded 

l\l /l\ U section and hollow, except at the 

\l / \ \\ clearly defined nodes from which the 

\\ \ leaves spring. Immediately above 

\ 1 V ' Vc node of the young stem is a 

\\ B \\ region of tissue capable of active 

Uc mI growth. The elongation of the stems 

Vj ^ 1 (u consequently l)rought about, as a 

\ \\1 rule, exceedingly rapidly, through the 
^ \l \ Vi' agency of some five or six inter- 

f > Is ' calary growing zones instead of by a 

f \ X [l ! single terminal growing point, such 

f \ ^ I as oo(‘iirs in dicotyledonous plants 

\ I V ^ \ ^ shar}) jerk is given to a young 

^ J ' \ stem of, for instance, wheat at the 

i'K;. {;i:kmin>^tion f>F stage at which the ear is beginning 

Maizk. to emerge, it will break at one of 

A. the first fiiioathinp Ifni sur these zones, generally the ujiperrnost 
rtunciiui? ttie first gioen foliage youngest. They form (d)vioU8 
leav,.s ; H, the ,,r,.nary met ; „,„1 the'.stoill is Stiffened 

o, a(i\ on t ii idus l uot.s tie^iiunng , * . 

to clevHor> frnrri (ho Kmost no<lf.. damage 111 jough Weather is 

j)r(‘vented liy the more rigid leaf 
sl.( at Is, which completely surround them. Th(‘ tissues thicken and 
harden when the full heighth of the stem has been readied, but 
even then they are capable of a limited amount )f growtli. Thus 
if a culm is bent ovtr to the ground, as hajijien.s when a cereal or 
grass crfjp is laid, the tissues on the sides of the nodes n(‘arost the 
soil elongate somewhat whilst no changes occur on the oppo8it<‘ 
side. A series of 1 (uids is thus formed w'hich arf‘ of decreasing 
intensity, the strongest being at the basal node, the weakest at the 
uppermost. The uppermost internodes are thus carried ba(^k to a 
vertical position. 
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Grass stems, with the comparatively rare exceptions provided 
by a few tropical species, only form new branches, or “ tillers ” 
from the lowermost nodes. If all of these grow upwards, as they 
commonly do, the plants have a characteristic tufted habit of 
growth. But in a number of species the stems push out in a 
direction parallel with the soil surface, forming either superficial 
runners or “ stolons ” or subterranean “ rhizomes (Fig. 35). 
The creeping bent grass {Agrostis stolonijera), with its runners three 
or four feet in length, and the well-known couch grass (Agropyrum 
rtpena)^ are excellent examples of these two types of stems. Each 
node of either a stolon or a rhizome can give rise to an adventitious 
root system, and as the axillary bud present at the base of each 
leaf sheath is capable of development, a series of new plants, attached 



Khizoiin'S of the Binooth-stalke i n^eadow grass. 


for tin* time to the parent plant, arises. Such grasses have a matted 
rather than a tufted habit of growth, and thf\v play an important 
part in the formation of the close sward so characteristic of the 
pasture lands of this country. This vegetative reproduction is 
aided in rhizo!\ies by the storing of reserve foods in their tissues. 
Any hud -bearing portion which is broken off during such operations 
as ploughing or harrowing can, under suitable conditions, start into 
growth, and by drawing upon this supply of food, rapidly establish 
as an inde|MUident jdant. In the onion couch [Arrhi yiaiherum 
a lifter nm) the development of the rhizome for this purpose is 
j>artieidarl\ markt'd. Each of its short internod(‘s is so strongly 
>^^oll(•^ that the rhi/.oiiu* has the a]>pearanct‘ of a string of beads 
(big 3C) The bidh-iike * beads ' eiU‘K>s(‘<l in tb(*ir papery leaf 
Ici'e- \\\r only pa it of the leaf which develops below ground, 
ep.oate leadily and \juickly givi' rkse to new plants. 
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The habit of some of the commoner agricultural species of grasses 
is as follows ; — 


Tufted. 

Rye grass. 
Timothy, 

Tall fescue. 
Cocksfoot. 

OesteH dog’s-tail. 


Stoloniferous. 
Yorkshire fog. 

Bent grass. 

Rough-stalked meadow 
grass. 


Rhizomatous 
Couch grass. 

Foxtail 
Red fesc ue. 

Smooth -stalked meadow 
grass. 


The leaves of the grasses are invariably arranged in two ranks. 
This feature separates them at once from such members of the sedge 
family (C^arex) as the carnation grass (C. panicea), in which the 
grass-like leaves are arranged in three ranks on a stem which is 
triangular, instead of rounded, in section. The long, narrow leaves 
may be superficially much alike, but the comparison of a few species 



1^ u. .it' Hh]zmmi:s of thk Coi ch. {Arrhenatherurn aiuinficeum 

rar. hulhn.s'firn . } Show ing thc^ bull>-liko intemodcs. 

discloses differences in tludr sha{)c, and the extent of the develop- 
ment of portions of them which provide reliable characters for their 
identification in the ah.sonce of their flowering shoots. The leaf 
consists of a blade or lamina, with its veins arranged in jiarallel, 
and a well-develojied sheathing base. IVtioles are wanting in all 
of our native species, and rare elsewhere. At the junction of the 
blade and its sheath is a thin papery outgrowth jiressed close against 
the stem. This is the ligule. In some grasses sue h as cocksfoot, 
rough-stalked meadow' grass, and bent, it is long and torn at the 
apex ; in others, such as smooth-stalked mefidow grass and couch 
grass, it is short and blunt ; whilst in tall fescue its di^veloprnent is 
so slight that the techiii :al desci iption “ w'anting ’ 

The base of the blade wher(‘ it passe s oveu' into tlie sheath may 
have its margins prolonged into daw -like ]>rocesses, often distinctively 



LKAF STKUCTUHK 


269 


coloured pink or yellow, which more or less completely embrace 
the stems. These auricles ” may, however be wanting. They are 
strongly developed in barley, for instance, and lacking in oats, 
whilst in sheep’s fescue they are short and erect. 

A comparison of the leaf -blades of a number of species discloses 
differences in their shape which are sufficiently characteristic and 
constant to be useful for purposes of identification, though they are 
difficult to describe accurately. The best marked features are 
(a) leaf distinctly broadest at the base as in cocksfoot ; (b) tapering 
both to apex and base as in tor grass ; (c) almost parallel sides 
tapering rather suddenly to a point, as in the meadow grasses ; 
and {d) needle-like or “ subulate.” 

The surface may be bright green or blue-green in colour, smooth 
or hairy, and not uncommonly harsh and rough to the touch 
— ‘‘ scabrid.” The roughness is due to the presence of minute 
teeth set on the ribs, and especially on the margins, so that they 
{X)int either in an upward or downward direction. The upper 
surface may be flat, as in the meadow-grasses and cocksfoot, or 
more frequently thrown up into a series of parallel ridges, formed by 
girder-like masses of sclerenchymatous tissue situated immediately 
above the vascular tissue of the veins {Fig. 37). A ridged leaf, if 


Fie. 37. 

rransverso sertiuii.s of a riblo88 leaf, Foa prateriMis (a) ; a loaf with flat ndgos, 
Alopecuruj< pratcn/iia (B) ; a strongly ribbed loaf, .dim cuspiloaa (c) ; and 
a iHHHllo-liko loaf, Festuca rubra (d). 

The rircdoH show tlit) position of the vase* ular bundles and the shaded portions 
of the Bcleroncliyrna. 

held up to the light, shows an alternating longitudinal series of light 
and dark stria*, the light portions being the thin strips lying between 
the thick portions traversed by the veins. The ridges are very 
prominent in rye grass, crested dog's-tail, creeping bent grass, 
foxtail and tall fescue, and less prominent in Timothy grass, 
couch grass, and tall oat grass. The unfolded leaves of the young 
shoots of the ridged s])ecics are generally “ convolute,” or rolled 
in the manner of a cigarette })aper, whilst those of the ribless grasses 
are ” conduplicate,” or folded along the line of the midrib like the 
covers of a book. 'Fhe shoots themselves are consequently rounded 
or Hatten(‘(J in shape. The blades tend to roll or fold under dry 
(conditions but Hat ten out again in a moist atmosphere, except in 
the case of the species with needle-like foliage, in which the rolling 
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is permanent (Fig. 37). The stomata are usually distributed over 
both surfaces of the ridgeless leaves and on the slopes between the 
ridges on the upper surfaces of the ridged leaves. As a consequence 
when rolling takes place they open into a more or less enclosed space, 
the atmosphere within which soon becomes water-saturated, with 
the result that the rate of transpiration falls off or may even cease 
entirely. Such grasses can therefore use the available water supply 
economically and so tide over brief spells of drought. 

The surface of the leaves of the more important agricultural 
species is glabrous, or even in some cases, such 
jl. as rye grass, highly polished. A few have 

^ foliage covered with soft hairs. This also 

jj] prevents an excessive loss of water by trans- 

piration by retaining a layer of water- saturated 
air in the neighbourhood of the stomata. 
>Mj| Examples are provided by Yorkshire fog, soft 

uaa brome, sweet vernal, and golden oat grass. 

The sheathing leaf base is most commonly 
rolled round the stem, but in the 
f J I Av V meadow and brome grasses its edges fuse 

yy / i \ \ together so that it forms a complete cylinder. 

I I I j This characteristic is difficult to observe satis- 

I ' 1 factorily, for the closed sheath may be split 

\ by the rapid growth of the enclosed stem or 

on the emergence of the inflorescence. It is 
\ the only part of the leaf which develops on 

I rhizomes. In couch grass the overlapping 

iL sheaths of the young shoots are thickened and 

al form a hard, sharply pointed bud, which makes 

^ a peculiarly effective soil -piercing structure. 

Root System. — The roots of the grasses 
M form a close, fibrous mat immediately below 
' [ the soil surface. They do not range deeply in 
\ the soil, and the depth to which they pene- 

trate is determined largely by its physical 
conditions. On badly aerated clay soils most 
. of the roots will be found in the top two 

iTnrarv' Toots inches, whilst in loams and the lighter types 
which have ceaseci to of soil they may push down to a depth of 
function, aiui six inches or so. But even .so the sckIs cut for 

B, the aclventitiouK turfing purposes from these more porous soils 

from the lowost node, contain the greater part of the root system. 

This relatively shallow rooting habit is charac 
teristic of all of the species of agricultural importance, and none 
of them is capable of making much use of the moisture present in 
the deeper layers of the soil. They are consequently distinctly 
susceptible to the effects of drought. 

The root system, like that of the ceieais, ap]>ears to be wholly 
adventitious. The roots formed during the germination of the seeds 


root system do\'clo{W'd 
from the lownst node. 
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serve to establish the young plants, and as new roots develop from 
the nodes of each of the young shoots they cease to function 
(Fig. 38). 

Growth BUlbit. — Grasses may either die out after producing a 
crop of seed or they may live for a long but undetermined period. 
Those of the first group, the monocarpic ” species, may seed in 
their first or second season of growth. Seed of Italian rye grass, 
the only one of any agricultural interest, may be harvested in the 
year of sowing or the plants may over- winter and seed the frfiowing 
year if they start into growth late in the season or if their develop- 
ment is checked by the competition of the cereal crop with which 
they are often grown. Others, such as soft brome grass, only 
produce clumps of foliage during the first season and flower in 
the following year. The terms “ annual and “ biennial ” are used 
to distinguish between the two habits. The length of life of the 
longer-lived species, or “ perennials ** varies much with the con- 
ditions under which they grow. Tall oat grass does not appear to 
be a very persistent species under ordinary agricultural conditions 
and the undoubtedly lasting perennial rye grass may soon die out 
on light, sharply -drained soils. The life of individual plants of those 
species capable of repro<iucing themselves vegetatively would appear 
to be an indefinitely long one. 

Their rate of growth, like that of vegetation generally in tem- 
perate regions, is dependent on the seasons. At the beginning of 
the farming year, in October, it slows down and, except in mild 
seasons in the southern parts of the country, it practically ceases 
with the coming of winter. In severe weather the foliage may die 
off almost completely. There are differences though in the hardi- 
ness of the various species, but practically the only permanent grass 
which is resistant to winter burning is perennial rye grass. After 
lying dormant through the winter, growth begins again in the spring, 
the various species starting into growth at different periods. With 
the coming of warmer weather and especially of an ample rainfall, 
the rate of growth accelerates, and by the end of May or the beginning 
of flune, the date depending on the district and the season, most of 
the various species, if ungrazed, rush into flower. Growth then 
slows down and the subsequent production or aftermath depends 
very largely on climatic conditions. This seasonal habit of growth 
and also the dependance of the amount of the crop on climatic 
conditions constitute the graziers’ chief difficulty. He can only 
guess the head of sUx'k required to keep a given area adequately 
grazed down and, in the event of an under-estimate, much of the 
])roduce may be wasted through inability to utilize it at its best stage 
of development. This is at fhe stage when the leaves are some 
three or four inches in length as the nutritive value falls off. rapidly 
as the shoots begin to pass over into the flowering stage (p. 493). 
The surplus must then be got rid of either by bringing in more stock 
or by mowing. 

The average production of permanent grassland when measured 
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in the form of hay is approximately one ton per acre but, under 
favourable growth conditions and where attention is paid to 
manuring, double this quantity can easily be obtained. The yield 
depends upon the climatic conditions more than anything else and 
a long dry period in the spring is almost invariably followed by 
scanty crops whilst a late summer drought will prevent the pro- 
duction of an appreciable aftermath. In spite of the fact that the 
grasses can, to a great extent, guard against the ill-effects of excessive 
transpiration, there is no other crop so intolerant of dry conditions 
and so likely to fail completely when they occur. The rolling or 
folding of their foliage serves at the most to carry them safely 
through comparatively short dry periods, and after a long spell of 
hot, sunny weather the plants may even be killed to the ground. 
As a consequence of the dependance of the grasses on an abundant 
rainfall meadows and pastures are more numerous and more pro- 
ductive in the western and northern parts of the country than in the 
drier eastern and southern portions. Deficiencies in the rainfall 
may, however, be offset by higher water-tables providing a contin- 
uously moist root range. The plants then grow steadily throughout 
the spring, summer and autumn and provide the grazier with an 
unusual uniformity of production. Fields in which this occurs 
earn the reputation of being good grazing land. Or again such 
conditions can sometimes be secured by irrigation. Where this is 
practised, as it is in the water-meadows of Wiltshire and Dorsetshire, 
the fields of herbage, almost irrespective of the weather, are far in 
excess of the average and moreover the useful period of the fields is 
prolonged by the starting into growth of the grasses at an earlier 
date than usual. This control of the water supply is, however, only 
satisfactory when the soil conditions permit of thorough drainage, 
for water in excess with the consequent deficiency of the air supply 
of the soil is detrimental to the growth of the better grasses. Where 
this occurs their place is apt to be taken by tussock grass {Aira 
arspitosa], rushes and such sedges as carnation grass. 

The species of agricultural importance are, for tlie most part, 
capable of growing under a wide range of both soil and climatic 
conditions, though few' of them are found in much abundance 
outside of the limits of em-lo.sed land. Some show a gufficieuitly 
marked preference for the conditions obtaining on, foi- instance, 
chalky or clay soils to make them the dominant species of the 
cLssociations occurring in such sit uations, but this does not imply that 
they v'ill not be found on gravelly or loamy soils. All of these 
soils, indeed, tiuid to carry their more or less distinctive grass flora 
though the differences may be not so much in the actual sjiecies 
present as in their jirojiortions. Very distinctive floras occur on 
the soils overlying the chalk, on which the smaller fescues and crested 
dog’s tail thrive, and again on the scuir soils on which creeping bent 
forms the bulk of the vegetation, but on the soils ranging from light 
loams to the heavy clays the floras have much in common. Where 
species show a decided preference for any particular type of soil 
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the fact is mentioned in the detailed descriptions of each which 
follow. Its importance, when the problems of grassing down land 
have to be considered, is obvious, for if any species will not thrive 
naturally it is waste of effort to try to establish it permanently. 

The soils which are especially favourable for the development of 
good grassland are the well-drained loams, preferably those on the 
heavy side. The best meadows and pastures are to be found on 
them. Good second-class grassland occurs on the clay soils of the 
midland and, to a less extent, of the eastern counties, though the 
permanent grass of perhaps most of the heavy clay lands falls far 
below the average in productivity. The grassland of chalky soils 
is usuaDy better fitted for grazing purposes than for the production 
of hay, whilst sandy and gravelly soils are characterized by 
producing a thin, low-yielding type of turf. 

The flora depends also on the use which is made of grassland. 
If a field is mown year by year and only the aftermath grazed 
it tends to differ from that of a field which is systematically grazed. 
The taller grasses which form the bulk of the hay crop shade the 
dwarfer species, the w'hite clover and such rosette -forming plants as 
ribwort, sufficiently to check their growth and finally to suppress 
them. The herbage thus tends to consist mainly of the .strongest 
growing species, such as cocksfoot, meadow fe.scue, fo.xtail, etc. 
Where grazing is practised these vigorous grower.s are kept under 
control and the finer species and the clover have a bett/<"r chance of 
developing. Each system thus produces its own particular of 
herbage. There is, consequently, much to be said for setting aside 
part of the grassland on a farm for mowing and a part for grazing. 
This is practised to a certain extent and first-class pastures are 
rarely niovm, or again fields with too soft a surface to carry stock 
early in the year are reserved for hay. But a common method of 
management is to mow and graze in alternate years. 

Grass Species. — Ryk Grass {IjoUuih pereune) (Fig. 39) is one of 
the most widely distributed species in this country and wht‘re it 
occurs it is generally in abundance. It is an unfailing constituent 
of good pastures, often contributing more to their herbage than all 
of the rest of the grasses and clovers taken togeth(T The grass is a 
lasting perennial on good soils but on light soils, especially in dry 
districts, it tends to die out after a few years. The abundant 
luThage is produced over a long period and even during the latc‘ 
autumn montlis it makes an appreciable growth. Hard treading 
damages it less than most grasses, with the resuli that it is often the 
only 8{)ecie8 to be found near gate-ways or on footpaths across fields. 

The seed of rye grass is cheap, rarely contaminated with weed 
seeds and, when fresh, it usually has a satisfactory germinating 
capacity. This, after a normal seed harvest, is gcuierally about 
Ho to SK) per cent. A high bushel weight is usually a good index of 
the quality of a seed sample. The best grade weighs 28 lb. to the 
bushel, the next 26 lb. They owe their weight to the fact that all 
of the caryopses within the paleae are well filled. Where they are 
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only partially developed, either through immaturity at harvest or 
through the feeble development of the crop, the seeds, though still 
apparently of full size, have a high ratio of chaff to grain and con- 
sequently a low bushel weight. In such samples the germination 
percentajge cannot be expected to be high. Further, owing to the 
failure of feebly- sprouting seeds to produce established plants, their 
purchase may not be economical even when full allowance is made 
for a somewhat defective germinating capacity. 



Fig. 39. — Fekennial Kye CiKAss, 
Lollurn perenne, L. \\ itli a 
apikelet on iho 


Flo. 4u. — Italian Kye Grass, Loliurn 
Jluhcxni. With a single sjiikelet on 
the right . 


Rye grass seed forms the basis of almost all mixtures for putting 
land down to grass whether trmj>orarily or permanently. It is one 
(»f the few kinds of grass seed which can be counted upon to germinate 
and establi.sh itself under conditions which are not altogether ideal 
for tliese purposes d’he young plants grow rapidly anvi under 
favourable conditions produce a good yield of herbage in their first 
year. The maximum jiroduction is generally reached in the following 
year and from thence onwards a high level is maintained whenever 
the soil and climatic conditions are suitable. 

ITAL1.A.N ItvE (jIka.ss (Lo/fvm IlaJicum) (Kig. 40) though not a 
native s])('cies has come to ])lay an important part in grassland 
husliandry. It lacks the ]>erennial habit of all of the other grasses 
of agricultural importance and, at the most, it is of biennial duration 
though occasif)nally it may appear to have a longer life period owing 
to its having re-seed(ul itself. On moist, fertile soils, especially such 
as those irrigated with sewage, it is capable of pro<iucing a greater 
bulk of herbage than any other sjx-cies of grass which can be 
cultivated in this country. The yields under the more ordinary 
conditions of fanning are also high. The grass has the valuable 
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characteristic of withstanding the effects of frost and so remaining 
winter green, and as it starts into growth early in the spring it 
provides a certain amount of young grazing material when practic- 
ally all of the other grasses are in a dormant condition. 

It is readily established from seed and the plants rapidly reach 
their maximum productivity. The outstanding use of this grass is 
for sowing in association with clovers for the formation of short leys. 
It is also frequently used in mixtures for long leys and permanent 
grassland. Its employment for this purpose requires consideration 
for its vigorous growth tends to stifle the slower growing permanent 
species. If sown with the object of securing a heavier \ueld of hay 
during the first season’s growth of a long ley, or especially of 
permanent grass, the seed rate should not exceed one pound per acre. 
With a heavier seed rate th<‘ risks of lodging in wet weather increase 
and, moreover, when the plants die out a greater area of bare land 
has to be colonized by grasses which only reach their maximum 
development comparatively slowly. Reliable seed w^ith a germina- 
tion capacity of 85 to 95 per cent, can always be obtained. But the 
responsibility for its purity must be placed wholly on the vendor, for 
an inspection of a seed sample fails to disclose whether it consists of 
Italian rye grass only or of a mixture with perennial rye grass. 
The one visible point of difference between the seeds of these grasses 
is that that of the Italian has a slender terminal awn. During the 
cleaning operations to which the bulks are subjected, this is 
unavoidably removed from a large percentage of the seed. 

Cocksfoot (Dactylis glomeraia) (Vig. 41) is probably the highest 
yielding of the various species occurring in grassland. It is widely 
distributed, but in the best pastures it only occurs, at the most, in 
small quantities. In second-class pastures it is frequently the 
dominant species. The grass starts into growth early in the spring 
and the young shoots are readily grazed by all kinds of stock. If not 
grazed the foliage becomes harsh and unpalatable and the plants, 
especially when widely spaced, grow into rough, compact tufts 
which may unprofitably occupy a large proportion of the grazing 
surface. Where, owing to understocking, this has occurred the 
useless herbage should be mown or a steady deterioration of the field 
may set in. As a meadow grass cocksfoot produces an abundance 
of coarse hay. 

Cocksfoot shares with rye grass the useful characteristics of 
being readily established from seed, of permanency and of producing 
bulky crops within two seasons of its sowing. It is consequently 
largely used in mixtures for forming both temporary and permanent 
grassland and especially for temporary leys on poor soils on which 
rye grass is known to be lacking in lasting capacity. Were it not 
lor the fact that it requires careful management it would generally 
be considered to be an equally valuable species. 

Though seed can easily be produced in this country or gathered 
in (juantity on waste land, commercial supplies are imported mainly 
from New Zealand and Denmark. 
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Timothy Grass (FJilmm pra tense) (Fig. 42) has a more limited 
range than either of the preceding sjiecies and though poorly grown 
specimens can be found on most of the cultivated grass fields of this 
country it only thrives on deep fertile loams and clays. The fact 
that it often grows luxuriantly, with its infiorescenees reaching to a 
height of live feet, on wet, uncultivated land at the edges of swamps 
is an index that moist conditions are particularly favourable for its 
development. It makes little growth and soon dies out if sown on 
sharply -drained soils in dry districts. 



Frc. 11. Co( Ksi OUT, Uactylia Ej<.. 12. 'riM<rrn\ (iHass, 

(jlojncrata L. eiilargcxl Kpikeh-t ffxifru.sc, L. W ith (‘iilargrd spikrliM 

on thf' right. nri'l, on it.s loft, tlv* contain(*(l floroi. 


Timotliy grass reaclu^s its maximum [troductivily in the first or 
second year after sowing and yields an abundance of foliage. Though 
late in tlowering its eharacteristic broad, bluish-gr(‘en leaves arc 
produe(‘d early in the sjiriiig and they continue to develoj) w'ell on 
into t he autumn when th(‘ yilants havt* been kept graztal or an early 
cutting made for hay. As the flower sttans soon become hard 
meadows containing the grass in quantity shotild b(‘ mown as soon 
as possible aftei' its ears emerge from the shi'aths. 

The s(*e(i is abundant and inexptmsive, and it is gema’ally of 
excellent (juality. It is includi'd in most nuxtuies [(u tlie formation 
(d [lermanent grassland with the (‘Xce])tion of thosi* designeil for use 
on chalky soils or thosi* overlying porous sands and gravels. The 
.s(‘ed is also useel for rnixtunes for leys (‘ven wh(*n these are to 
riunain down for a single sease>M only. The grass may also be grown, 
as it is in ArruTica. as a f)ure crop. 

Foxtail {Alopemrus pratensis) (Fig. 43) is pcuhaps less widel\ 
distributed in this country than any of the otiier grasses of great 
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agricultural iraportance. It occurs in the greatest abundance on 
well-drained fertile loams and neithei- water- logged nor unduly dry 
vsoils provide a suitable habitat for it. It starts into growth eaHy in 
the season and frequently comes into flower in the milder parts of the 
country at the b(*ginning of May. Meailows containing the grass in 
quantity consequently require to be cut at an early date. The 
proportion of foliage to tiower shoots is high and stock graze the 
grass eagerly. It is thus unquestionably a valuable s])pcies. But 
disappointing results in attempting to establish it from seed have 



Fio. lit - .M E A p u w F()xt.\ii.. Kio. 44 . Koi ^h-stalkep .Mkaukw 
Alopt'curus praUnsis, L. With on < Jkass, /’oti I., W'lT h on largtM 
larginl K])ik<*lot (Ui the left. spikolot on tiio light. 


led l(» a general abandonment of its use in secdb mixtures designed 
for eitbei long levs or pennantmt grassland. '1 be ditficulties in the 
past were [irobably due to the use of seed with a k»\v gernunating 
ca])acity for in a large percentage of tlu* seeds tlu' rervopsis 
was replaced by (he orange-coloiired larvae of a midge { I)ijspru’ura 
alopfcuri). Ketin**monls of seed-cleaning machinery lune done 
away with this ilitticiilty and seed of a remarkably high germinating 
capacity, wdien the irr'egular rip(*ning of the intloresciuiecs is taken 
into consideration, is now obtainalile. Kven now Innviwer, a g* od 
plant is not often obtaiiuHi. A eomparatiN c‘ly late sow ing, for 
instance in June, is said to oficr the best ebaiii o ot success. For- 
tunately }iowc\'cr, tlie grass readily establislio iiself on suitable 
soils. This is due to the fai-t that the steds a - Wi ll adapted for 
wind distribution. 'Vhvy are light in wtdght ami the llattened, 
connate glumes form an ctficient floating meebanism. 

J'hc Meadow ok asses occnriing in grassland ui this ciiuntry 
arc of three kinds, the i oiigh-stalkcd {Toa (ncialis) (big 41), the 
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smooth -stalked (Poa pratenais) (Fig. 45), and the wood meadow 
grass (Poa nemoralis). 

Rough-stalked meadow grass is the most valuable of all of the 
bottom grasses, its short runners and fine, close growth being ideal 
for the formation of a closely-knit sward. The foliage is fairly 
abundant, relished by all kinds of stock and produced over a long 
season. The grass is very widely distributed and though generally 
to be found in the greatest abundance under somewhat moist 
conditions on, for instance, rich loams or in water meadows, 
it nevertheless succeeds well even on poor soils provided that the 
rainfall is adequate. On light soils it is apt to burn out in dry 



Fic. i.>. Smooth STALKED Meadow Fia. 40. — Doe's -tail, rriA- 

Poa ])ratrnsis^ L. With iatus,\j. Witli enlarged spikolot and, 

enlarged R])ikelet orj the left. on left, two of the p^ntinate hraetn. 


wcatlicr. Fnder such conditiotis its place is taken by thr rhizoma- 
tous smooth -stalked meadow grass. Th(‘ wood meadow grass has 
a more limited range than either of thest* .s])ecies and its chief value 
is to ho iound in the fact that it will toleraU* the shading of trees 
more than most of the agricultural grasses. 

All throe are primarily grasses for grazing, for though their light-, 
feather v inflon'scences suggest a fair yit‘ld of hay, analyses of the 
(!rop show that they rarely contrilaiD:^ much to its weight. 1’hey 
are, fuithcr, better .suited for permanent gra.ssland than for tem- 
porary l(‘ys for they grow comjiaratively slowly and some threii or 
four years pass hefori* they rt‘a(;h the stage (if maximum d(‘ve!opment. 

The seed of rough stalked meadow grass is used in tlu* majority 
<»f seeds mixtures for permanent grassland and oeeasionally in 
mixtuies for leys whieh are to stand foi more than thret* years. 
The seeds of siiKJoth-stalkcd meadow' grass tind a limited use on 
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light soils and in dry districts whilst those of the wood meadow grass 
are rarely included in mixtures for agricultural purposes though 
considerable quantities are used for forming the fine type of turf 
required on lawns. 

The whole of the seed supply is imported, the bulk of it coming 
from Denmark and the United States where crops are grown for 
seed on a large scale. As the seeds are small and readily wind- borne 
the meadow grasses tend to establish themselves on fields sown down 
with mixtures in which they have not been included. 

Crested Dog’s-tail (Cynosurus cristatus) (Fig. 46) is probably 
the most widely distributed of the grass species which are generally 
recognized as being agriculturally valuable. It thrives not only on 
the fertile loams on which the best grasslands are to be found but also 
on heavy clays and on the light soils overlying the chalk. On either 
of these extreme types it may even be the dominant species. Its 
yield of herbage is small compared with that of rye grass or cocksfoot 
but its deficiencies as a meadow grass are compensated for by its 
merits in pastures. It is one of the relatively few species of much 
value for forming a close turf, (’attle and sheep graze it closely, 
generally, however, leaving the flowering shoots once the inflores- 
cence has shot, with the result that the grass continuously seeds 
it8<df down. The wiry culms persist through the winter and give 
fields in which dog’s-tail is abundant a very characteristic appearance. 

A ‘ take ” of this grass is more easily secured than that of any 
other bottom grass, and though it is of relatively little use in leys 
its seeds should find a place in the majority of mixtures for the 
formation of permanent grassland. On heavy soils, such as those 
of the boulder clays and again in districts subject to drought, its use 
is almost essential for it can be counted upon to take the place of 
j)erennial rye grass if this species should fail to persist. 

Fiorin, Creeping Bent grass or Water grass {Agrostis alba, 
var. siolonifera) (Fig. 47) is the most widely distributed of the 
gra.^^ses of agricultural importance. It has the valuable charac- 
teristic of tolerating conditions in which few other species can exist. 
Cnder such circumstances it dominates all others. This is the case 
for instance, on the sour soils of the millstone grit and the coal 
measures in Yorkshire where tK) per cent, or more of the herbage of 
pastures often consists of this species. It occurs, too, on light, 
sharply -drained soils and also on heavy, impervious clays. On 
either of these extreme types it tends to become a dominant species. 
On the other hand creeping bent grass is a common constituent of 
the flora of most of the b(*st pastures in this country, where it is 
generally more abundant than might be expected from a casual 
examination. The grass is a typical mat-forming species which 
spreads widely and rapidly by stolons. These, by rooting down at the 
nodes wherever the conditions are favourable, help greatly in the 
formation of a close sward. The young growl li, especially w^hen 
associated with other species, is well grazed but the older shoots are 
rejected when oth<*r luTbage is available. Thus, on land which is not 
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systematically closely grazed, creeping bent is apt to get out of hand. 
It then forms the bulk of the bleached grey “ fog ” which, in the 
winter months, covers so much of the pasture land on the heavier 
soils. As its presence is prejudicial to the development of the young 
grass slioots and clover in the spring, the use of spike harrows to tear 
off the mat becomes part of the routine of managing undergrazed 
pastures in which the species is abundant. 

Seed of this species is rarely used in the mixtures employed for 
the formation of permanent grassland. The grass, however, is 
frequently over-abundant on newly sown fields. Its occurrence 
may be explained either by the difficulty of killing the grass when 
preparing the land for sowing or by the fact that its minute seeds, 
of which there are about 5,000,000 in a pound, are readily wind-home. 



Kh*. it. Fiori.v, A(jrof^tis alba, L., Fk;. 4S. Tali. Oat (jn ass, .-Irr/te/m - 
stolojttfera. Wit li rnlargtnl spike- thfrufn arenarj htn, L. With enlarge<l 
let on the left. sp'kele"* on the right.* 


Tai.l Oat (;kass {Arrhenathrum avenaceum) (Fig. 4S) is a 
(‘oninion hedgerow grass and a not tincommon constitutuit of the 
lifTljage on most of the medium types of soil, hut on poor infertile 
soils or wet clays it is generally absent. In fav'ourahl(* circumstances 
it gives heavy yields of foliage which, howev(‘r, is not grazed when 
otlur lierhage is available. The grass is largidy grown on the 
Oontinent, often in pure culture. H<Te, however, little atttaition is 
MOW jiaid to it, though at the beginning of the century its growth 
was generally re(‘omm(‘nded. As a constituent of permanent grass- 
land It IS of special use in shaded situations. But it is not a lasting 
specii- on land wtiieh is kept lu^avily grazed. It finds its chief use 
in tem})orary levs ])ut down for the production of hay. Its high 
yielding ( ipacity undei such conditions is a us(*ful asset, especially 
as the lia\ IS said to laek the bitterness ebaraideristie of the fri sii 



rHK FINE FESrUKS 


281 


foliage. But it is an expensive grass to introduce as the seeds are 
large, compared with those of most other species, and consequently a 
heavy seed rate is essential. 

The Fine Fescues are classed as a single 8})ecie8, Fealiica ovina, in 
Bentham and Hookers’ British Flora, though Linnaeus, and with him 
most agriculturists, look upon hard fescue (F. duriuscula) and red 
fescue \F . rubra) as distinctive species. 

All three have subulate or needle-like foliage. That of the 
sheep’s fescue (F. ovirui) grows in dense tufts, whilst that of the red 
fescue forms spreading mats owing to the development of rhizomes. 
Hard fescue has flattened leaves on the flowering shoots but the 
radical leaves are all subulate. 

Sheep’s Fescue (Fig. 49) is a grass of dry, o]3en situations, such 
as chalk downs, mountain pastures, or gravelly and sandy soils. 
Its d(‘ns(‘ tufts of wiry looking foliage often form the bulk of the 
grazing in such situations. Hard fescue (Fig. 50) has much the same 



Fir;. 4‘.r Shkcp’s Fescie, Festura Fkj. 50. Hard Fescue, Fcatu'a 
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distnbiitioii, l)ut in addition the grass is found in good meadows and 
pasture's in which it forms a useful bottom grass Red fescue is also 
a fairly geiuMally distributed bottom grass and it is furtlier found in 
dry situations, especially in the neighbourhood of sea coasts. 

None of the species are suitable' for temporary grassland, though 
eac li of tiiem can be usefully c'uiployed when formiiig permanent 
grass undc'r tlu* conditions indic-aU'd by their u.'^ual ha}>itats. The 
only difficulty that arises is that seed of the true red fescue' is scarce. 
Its place is taken by seed of a New Zealand variety of F. rubra 
known commercially as “ Chewiiigs' fescue.” This lacks the 
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rhizomatous habit ol growth and is consequently of doubtful value 
as a bottom grass. 

Meadow Fescue (Festuca pratensts) (Fig. 51) is an outstanding 
species on much of the best grazing land in this country. It is 
abundant, for instance, in the Aylesbury district and again in the 
Vale of Berkeley. But it is somewhat limited in its distribution and 
it only thrives on deep, fertile soils and on well -drained clays. 
Though it appears to be intolerant of stagnant water in the soil, it is 
an almost universal constituent of the herbage of water-meadows 
where, to a great extent, it takes the place of perennial rye grass. 
The grass produces a large quantity of succulent herbage, valuable 
either for grazing or hay making. It flowers late in the season and, 
except in years of drought, continues to grow until late in the 
autumn. Where it occurs, it rivals perennial rye grass in value. 



H|))kelet f>n Jho rigiil. enlarged eluater of three spikc'lf tH on 

t he left. 


hi sniiie parts of the country it has proved more or less iinpo.ssihle 
to (estahli.sh this species, either temporarily or })ermanently It 
sljould thendore he .sown only under eonditiotis in which it is known 
to thrive. liaise will often include boulder clays whic'h, if not 
w'ater-log^t'd, suit tie* grass excellently. 

Tall Peso it f. f FcMvca ('laiior) may Ik* described as a particularly 
vigorous form of rnt'adow' fes(‘ue wdiich is, indeed, from a botanical 
st/ind point, a variety of it It forms large tufts on moist (;la\s and 
loams and it may alsc) lx* found on lighter soils if the water supjily is 
adecjuate. In spite f»f its coarse a])pearane(‘ the foliage is W'ell 
grazed. 'Die r*ulms [»e(a)m(* woorly and brittle as the seed rifiens 
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hut this iH not li w*riouK drawluu'k t^) its use as occurs so lat(^ 

in the season that they are usually eut beff>n* this stage is rearhed 

The species is particularly valuable on soils which are normally 
too moist to carry the majority of the gfXKi agricultural grasses and 
its seed can be sown with advantage on poorly-diained clay and fen 
soils. The young plants grow slowly and some four seasons pass 
before the stage of maximum productivity is reached. 

SWKET Vkknai. Grass {Anthoxanthum odoraturn) (Fig. 52) 
grow'8 on a wide variety of soils and its general distribution suggests 
that it is indifferent to such extremes of temperature and moisture 
as are to l>e met with in this country. It thrives Viest on deep, rich 
soils and it is a common constituent of the flora occurring on good 
grassland, but it also grows v.e\\ on ]>oor land and often at consider- 
able elevations. It has a number of useful characteristies. Amongst 


these are included extreme 
hardiness, permanence and 
the capacity to grow in par- 
tially shaded situations It 
is further the earliest of the 
indigenous grasses to start 
into growth and it often 
comes into flower in March 
in the southern parts of the 
country. The growth is 
dwarf er than that of rye 
grass and the plant is usual- 
ly included in the general 
eaU^gory of bottom grasses. 
It differs from all other 
English grasses in being 
sweetly scented and the 
characteristic fragrance is 
retained by the foliage even 
when made into hay. But 
it is bitter to the human 
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taste and cattle certainly 


show no marked preference for it. The seeds of the grass, tliougb 
at one time commonly used in compounding seed mixtures, are no 
longer in much demand. Various reasons account for this. In the 
first place they are expensive as they are. for the most part if 
not exclusively, gathered by hand. Their high cost led to their 
extensive adulteration with the very similar seeds of a ^particularly 
worthless annual species, A. Pudii, and though this ])ractice may 
have (leased its ill effects persist. There is further a doubt whether 
it is as valuable in practice as its useful characteristics suggest it 
should be. 


Golden Oat grass (Averui flavescens) {Fig. 53) is more common 
in the drier south and south-eastern parts of the country than in 
the north and west. It is found in the greatest abundance on the 
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brashy soils overlying the oolite and on thin chalky soils, on both of 
which it may form the bulk of the herbage. The plants produce 
tufts of soft, silky foliage which is well grazed by both cattle and 
sheep. At flowering the inflorescences reach a heigh th of a foot or 
more and though the species would generally be described as a 
bottom grass it contributes appreciably to the hay crop. The light, 
fluffy seeds are too expensive to be used generally in the preparation 
of seed mixtures. But owing to the readiness with which they are 
dispersed by the wind, the grass establishes itself naturally when the 
circumstances are favourable for its growth. The young plants 
grow slowly and the maximum yield is not reached before the third 
season’s growth, (iolden oat grass is consequently of comparatively 
little value for temporary leys. 

Seed Production. — Most of the descriptions of the common 
agricultural grasses to be found in floras stress the fact that they are 
very varia])le |)lants. To what an extent they vai v is only realized 
when a detailed study of any species is made either by observing 
large numbers of specimens as they grow in the fields or, better still, 
by collecting and growing thtun e8})eeially for comj)arison. If a 
collection of rye grasses is made striking differences will be obst^rved 
in such features as the size and the width of the inflor(*scencea, in the 
number of flowers in the spikelet and in colour. Differences in liabit 
will also be obvious, some plants growing far more strongly than 
others or having a looser, l(*ss fufUnl mode of growth. Ditlerences 
such as these have been re(*ognized by th(‘ systcinatists wfiose 
business it is tP classify plants so that they may bt? id(‘ntified with 
oa’tainty, and th<‘ tendency now'adays is to distinguish the most 
striking forms as ' varieties ” of the speeies. in some species, 
such as Agrosiifi alba or Frstum rubra, many such varieties are now 
recognized in lloras. Th(\se mor])hologioal dilferences are, however, 
of relatively little im])ortanee from a purel\ agricultural ])oint of 
vi( w. those wliose eonet'rn it is to (adttvat(‘ the plants have to pay 
mor(‘ attention to sueli jxhnts as earliness or laten(*ss m flowering, 
the p' opoit ion of leaf to stem, the eapac ity to resist adver se intluenees 
siic’n as drought, excessive rainfall or vxtivmv e(>ld, tin* resistanec* to 
various diseases, etc. In any eolleetion of a singif' grass H]>eci(‘H 
differences in tliese eharaeterist ies, as clearly defined as thosr* of a 
moryihologica] nature, will be observed. MoiM‘ov(*r. as a rule, the 
wider t}u‘ range over which the colU‘Otion ha.s been madt*, tlie more 
striking these differences will tend to be. Tlie fact has to he 
reeogniz(Mi then that the grass .s])eeies is not a rigid j\ detined tvpe. 
It is rather an aggregate of a large nurnla r of inon* or less readilv 
distinguishable forms.” * 

It IS evident that all of these forms of, for instance, rye grass 
cannot have the same agricailtural value. Thus t,h(‘ re(juirem(.‘ntH of 
a man interested in the formation of a pasture* in a district with a 

♦The word is used her in a wiilo .sense to i .elude Jordanons, or little 
H[>ecio.s, and botanical and agronomu; varieties. The word “ strain is used 
to describe groups of forms. 
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low rainfall would not ho mot satisfactorily hy tho i)iirolKiso of the 
seed of a form which grow exceptionally w(‘ll iii a w^*t (list riot and 
seeded very freely. 

Once th(‘ facts are recognized their hearing on tho. production of 
commercial grass s(‘ed hocomes obvious. At present (»ur supplies 
are drawn from various parts of tho world. Th(‘ seeds of the tw(j rye 
grasses come from Ireland, Scotland and Devonshire, those of tlie 
meadow grasses from Denmark and America, those of cocksfoot 
from New Zealand, France or Denmark, those of Timotliy grass from 
Scotland or Canada. For the most part crops are grown cspf'cially 
for seed, though some few species are gathered from naturally 
growing plants where they happen to he in sufficient ahundance. 
Little IS known with regard to the actual starting f)oint of these 
domesticated grass crops. In Northern Ireland, when^ Tuuch of the 
au])y)ly of perennial and Italian rye grass is grown, the s(*ed crops 
are raised from seed either raised locally or purchased in Scotland. 
All that can hc^ said is that it is many gencTations removed from the 
plants of thc' meadow and pasture. Its original starting }K)int was 
probably a mass selt'ction from such a sc^urcc', for the raising of stocks 
from a single plant is a relatively modern procedure This imf)lies 
a mixture of forms from the beginning As the immediate result of 
cultivation the constitution of such a mixture' tends to be* j>rof{MindIy 
modified. The most obvious change is that the free-seeding forms 
tend to l>ecome more abundant as each successive crop is grown. 
The result is a strain biassed for seed production. This automatic 
selective process affects many ether characters. Those* forms 
constitutionally suited for development under the climatic conditions 
of the seed-raising district similarly tend to accum\date. Thus in a 
f)eriod, which is probably short, strains specially suitable for local 
growth will be built up 

Th(' consequences of this are l>ecoming obvious in agricultural 
practice. Distinct differences in the typos of imf>orted cocksfoot an* 
already noticeable. Crops grown from French and Danish seed start 
into growth earlier than those grown from English or New Zealand 
s(M*d They also tend to crop more heavily, at all events during 
tluar first season or two. Perennial rye grass grown from commer- 
' lal stocks is l)ecoTning generally recognized as distinct froni that 
<ii old ]>astures with the interesting result that the so-called ‘‘ wild 
?(‘nnial," screened out as an impurity whilst cleaning wnld 
M hit(‘ clover, finds a ready market amongst those who are putting 
Mnd down to permanent grass. Whether eomparahle ditlerences 
it ( c t<» he found amongst the smaller grasses grown from domesticated 
C)r imported seeds is unknown I'heir observation would clearly be 
dilticult on land sown down \h rinanently owing t-o the self -establish - 
; 1 nt of morphologically similar forms. 

The further study, which is now' in progress in several countries 
on the Continent, in America and at Aberystwyth, of the numerous 
foir-.s to be found within most, if not all. of the agricultural grass 
qs ( ies, indic^ites that thc problem of providing the most suitable 
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type of seed is even more complicated than the facts already 
described disclose. After a detailed comparison of numerous 
forms of cocksfoot, Stapledon found that it was possible to arrange 
them in fairly well-defined groups, which in turn showed a correlation 
with the particular set of conditions under which they grew originally. 
A similar state of affairs is known to occur in Timothy grass, and there 
are indications that the phenomenon is a general one. If this proves 
to be the case then each distinctive type of soil and each particular 
complex of climatic conditions may require its special strains of all of 
the agricultural grasses. The provision of these under the existing 
conditions of seed growing has still to be faced and for the present 
the permanent grassing down of fields on the dry chalk and boulder 
clays of the eastern counties has to be effected with strains of 
grasses acclimatized for Northern Ireland, Denmark and New 
Zealand. 

For fuller information bn this subject, and for the identification 
of the grasses, the following books should be consulted : — 

S. F. Armatrong. British Grasses and their Employment in Agriculture. 

Cambridge University Press. 1917. 

Hentham and Hooker. Handbook of the British Flora. Reeve & Co., London. 


oHAFrER xnr. 

GR.ASSLAND FORMATION AND .MANURINC^ OF. 

Grassland. ' The flora of meadows and pastures cfuisists, in the main, 
of a number of species of grasses and clovers, but mixed with these 
various |)erciuiial weeds such as buttercups, ox-eye daisies, hawk- 
woifis and plantains, are generally to be found. This turf -forming 
grou]) or association of plants remains more or less constant in its 
constitution from year to year, provided that no great changes 
occur in its management. If, for instance, a field is systematicallv 
grazed to much the same extent, or mown at tlie same .stage of 
grov\ th, then oidy close? observation will show that the flora differs 
from season t(j season. The differences are not so mu(?h in its 
constitution but in the relative amounts of the various species com 
f>osing it. 1'hey are due primarily to differences in the climatic 
conditions and are most marked after ])eriods of drought or 
unusually high rainfall. The flora of grassland is thus relatively 
stable. But it has not the stability whicli is associated with the 
more natural types of grassland, such as those of the steppes 
praii’Kcs and .savaiuiahs. What constancy it has is diu' to man’s 
close control. If left to itself the best grassland of tliis conntr\ 
woidd sooji degeiK rate into the woodland, which is the ultimate 
n tt\iral flora of mf>st of our agricultural land. Fhe tendency !<» 
become derelict ajid to produce first of all brambles and hawthorn 
and tlion for<‘st trees is always ])r(*s<‘nt. .Mow ing and grazmg cheek 
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this, and the fields continue to remain under grass chiefly because 
the turf-forming association of plants tolerates a treatment which 
tends to kill off these competitors at an early stage of growth. The 
plants composing it owe their power of survival and their temporary 
dominance largely to the fact that they form an abundance of 
shoots at the soil level or immediately below it. Thus it does not 
matter how closely they are grazed or cut for a supply of buds 
remains to renew their growth. 

The plant association remains relati^^ely constant in composition 
too, because the dense mat of plants provides conditions which are 
unfavourable to the development of many of the common farm 
weeds. The annual weeds of arable land, such as charlock, poppies 
and groundsel never succeed in establishing themselves in turf, and 
they are only to be found temporarily colonizing patcihes on which 
for some reason the grasses have failed. Relatively few of the 
y)er€mnial weeds, such as thistles and stuiging initlles, can hold their 
own in competition vith the group of y)lant8 ioosely described as 
“ grass.” 

The fact that land can be left to grass itself down, often with a 
considerable measure of success, may at first appear to indicate 
that turf is an entirely natural product and that no sy). f ial care is 
necessary for its production. A knowledge of the secpience of events 
when the cultivation of arable land is abandoned does not siipyx)rt 
this contention. The immediate flora of such land is derived from 
tlie y)erennial weeds present on it and from the seeds y^rvsent in the 
soil. Probably the grasses would be reyjresented by such species as 
couch grass, soft brorne and croeyiing bcmt. The next contribution 
to the flora is y^rovided by wind- borne secuis. amongst wliieh the 
minute seeds of various grasses are present in abundance. Those 
naturally sown seeds germinate in the h'Jf shade' of the c'xisting 
vegetation, and by quickly establishing tliemselves tend to crowd 
out the aimual weeds. If now subsequent develo|)nient is con- 
trolled by mowing or grazing or by the use of artificial manures, a 
turf will result. Its value depends on several factors, the most 
important of which are to be* found in the nature of the soil and 
climatic conditions and the degree of skill exercised ii its manage- 
ment. If left uncontrolled, however, for a few ,seaso is. brambles 
and thorn inevitably (establish themselves and yirey) ire tte* way 
for the develoyiment of w()o<iland. 

The flora of a “ tumbh'-down ' will obviously be detenniiV'd for 
the most yiart by the grasses seeding in the immediate n'ughfiour 
hood. All of the grasses do not thrive equally well under all of tlie 
diverse conditions of soil and climate met with in this country. 
Though the commoner species used for the formation of permanent 
and temy>orary grassland can be grown almost anywhere on r< et‘ntly 
tilled soil, they will not necessarily continue to thrive when exposed 
to the competition of species better suited to the environment On 
a freshly bi >ken stretch of Dartmoor, for instance, pereiuual rye 
grass and meadow f('seut‘ temporarily ]U’o(luce an abundance of 
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herbage, but they soon give place to the peat-land flora of heathers, 
mat grass (Nardus) and Molinia. The fate of most of these “ in- 
takes ” is summed up in the phrase : “ the moor always wins.” 

The various soil types thus tend to have a characteristic grass 
flora, even although the humanly controlled factors ensuring the 
survival of the turf may be generally the same. The differences are 
determined by a great complex of factors, amongst which may be 
mentioned, though it is impo8sil)le to assess their relative importance 
with any accuracy, the chemical constitution of the soil which 
determines the supplies of food materials and their availability, its 
physical condition with its influence on the aeration of the root 
system and on the passage of water, the temperature, the rainfall 
and elevation. 

Formation of Permanent Grassland. — ^It is gerK rally recognized 
that one of the most difficult operations necessitated by the changing 
conditions of agriculture in this country is the (jonversion of arable 
into f)ermanent grassland. Most of the knowledge on the subject 
is empirical and based on somewhat scanty data (h^ivt'd originally 
from a series of experiments carried out in Cambridgeshire and at 
Cockle Park duruig and since the agri(‘ultural depression of the 
nineties of the last c(mtury. In most of these, mixtures of grass 
and clos er set'ds of known constitution were sowm, and the botanical 
composition of the herbage was (hderrnined ycvir by y(^ar. The 
results can rarely be (M)m])are(l (‘ritically, partly b('ea.us(^ of the 
substantial (UTor to which th(^ analytical data w(m’‘* subj(‘(d, and still 
more to tlie fact that it is almost im])ossibl(‘ to mak(^ accurate 
duplicate expcuiuKuits wluui so large' a numlx^r of faedors (‘ontrol the 
final result. Nevert}i(‘less, these* evarly (‘XpfTimeuits (‘stablisluHi a 
number of facts wliiedi (tontribute^ substantially to an understanding 
of th(^ senpierice of events wIh'U Il)e seeds e)f a numbe'r of divers(> 
plants ar(‘ sown togetlier with th<‘ object e>f producing a lasting 
turf. 

In the tirst f)lac(diey she>w ch^arly at what peTiods in the* ele*v(de>])- 
nieuit of grassland <‘ach of the* e^eunmon agricult ui'al grassi*s van fee 
e*xpe'cte-d to make* its maximum ennt ribut ion te> Ifie* bulk of tie- 
herbage* anel tlie'v give furthe*!’ information as te) the* numb(‘r e)f y* - ers 
senie* of the*m are* likely te> persist on various type*s of soil, 'rhev 
simv . too, that seemed grasse*s e>f unele>ubte‘ei agri<*ult oral v alue*, sueffi. 
fe)r e^xam])le^ as foxtail, are* diffieedt te) e*stablish. u.nd that t he^y 
fre‘(|uentiy fail euit ire*ly ejr eeiily e^ojitribute* a ne'gligi f>l<* u,me)unt to the) 
te)tal bulk e)f the herbage*. Further*, espee'ially vsfu're* the* fie‘lels we‘re 
ke*pt unde*!* obse‘rvat ie)n fe>r a leing ])e*ne)ei, ihe*y e*st;iblish the 
jmpe)rtant fae-t that tlie fleera ejften beears little* r*osi*rnb]anc!* to that 
re)preeserite‘d by tiu) mixture* e)f seH‘els se)wn origins II\ . This is eiue* 
partly to the* elisaj)pe*arane*e* of the)se* sp»‘cie‘s which are* not lasting 
pe*rennials, snedi as the^ re*el e)le»vers anel tall oat grass, but more* 
exspecially tej the appe^arane*e* of .spe*<*ie*s ne)t ineduele*d in tin* mixture's 
sown, 'riiese* were always tin* grasses wbieh wr*re* ahtindant in tic 
locality. 
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This self -establishment is now known to be of very general 
oocurreiioe. Thus the golden oat grass will almost inevitably 
come in on the brashy soils of the oolite, and even become a 
dominant species. On the thin soils overlying the chalk, sheep’s 
fescue will generally establish itself quickly, and creeping bent may 
over-run a newly-sown field on a damp boulder clay soil even though 
no seeds were sown by human agency. 

At the time when these experiments were in progress, the 
generally accepted scheme for compounding seeds-mixtures was 
the logical one of using, as far as possible, seeds of the species of 
grasses and clovers occurring in the district. But in order to secure 
a substantial yield of herbage at the earliest date, seeds of Italian 
rye grass and of the fleeting broad red clover were often included. 
The mixtures were consequently complicated, and sometimes 
included as many as twenty kinds of seeds. The proportions of the 
various seeds were determined from a consideration of the percentage 
of the area each sort should cover. 

It was generally assumed, mainly on the basis of experiments 
carried out on the continent, that the clovers should occupy 20 per 
cent, of the area, the short-lived or rapidly-growing grasses another 
20 per cent, and the permanent grasses 60 per cent. Within these 
limits the allotments to the various species were largely a matter 
of personal opinion. A typical prescription of the period is as 
follows : — 


Red clover ... 

6 

Alaike 

8 

White clover 

7 

Perennial rye graaa 

6 

Timothy grass 

... 16 

Cocksfoot ... 

... 10 

Meadow fescue 

... 20 

Foxtail 

8 

Smooth -stalked meadow grass ... 

7 

Rough -stalked meckdow grass 

6 

Crested dog’s-tail ... 

6 

Hard fescue 

... 6 


20 per cent. 


:}2o 


60 


Having decided what percentage of the area was to be covered by 
each species, the requisite weight of seed had to be calculated. It 
was assumed that in the case of the larger seeds, such as red clover 
and rye grass, 5,000,000 would be sufficient to sow an acre, and 
that 10,000,000 seeds of the smaller species, such as whito clover 
and crested dog’s-tail, would be required. [At these rates each 
square foot would receive 115 of the larger seeds or 230 of the 
smaller]. The weights of these quantities were known for all 
of the agricultural grasses and clovers. Thus 20 lb. of cocksfoot 
was known to contain some 10,000,000 and 23 lb. of red clover 
some 5,000,000 seeds, and the requisite 10 per cent, of the one and 5 
per cent, of the other would consequently be provided by 2 lb. 
and 1 lb. 2 oz. respectively. 
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But it is doubtful whether anyone succeeded in producing a 
turf composed solely of the species sown in their nicely specified 
proportions, for the experience of most experimenters goes to show 
that the soil, climate and management in the long run determine 
the constitution of the flora. 

At j)resent the mixtures in general use are characterized by their 
simplicity. The change is due to some extent to the necessity for 
avoiding an excessive expenditure on seeds. But the many failures 
to secure a good permanent turf with these complex mixtures has 
undoubtedly had some influence on it. 

Before condemning the practice of using complex mixtures it 
should be recognized that there are several reasons which will 
account for their frequent failure to produce the results anticipated. 
One of the most important of these is to be found in the fact that 
much of the land put down to grass at the end of the last century 
and the beginning of this could not be expected to produce any- 
thing more than an indifferent turf. This is especially the case on 
the heavy clay lands which, on account of the difficulty and 
expense of working, were generally the first to be discontinued as 
arable. Moreover, on such soils the pre])aration of a tilth which 
will ensure the satisfactory germination of a mixture of grass and 
clover seeds is generally difficult and in some seasons it is imprac- 
ticable. As a consequence only those components of the mixture 
which are capable of establishing thcms(flves undc^r ])oor conditions, 
such as pereimial rye grass and cocksfoot, would take,” whilst 
the small-seeded, slow-germinating s}>e(u(\s, su(h as the meadow 
grasses and fine fescues, would fail. The “ take ” would conse- 
quently, from the first, bear little resemblance to that ex])ected 
from a knowledge of the constitution of the se(^ds- mixture and 
would, on the whole, be characterized by a lack of the essential 
bottom grasses. 

Another cause of failur(^ is to be foimd in the use of Italian rye 
grass and an excessive quantity of red clover in the seeds- iTiixtures. 
These could be counted uj>on to provide a considerabk^ bulk of 
herbage in the first season. But this was obtained at the expense 
of the slow-grow ing bottom grasses whicli they frequently shaded 
out of existence, leaving the fi(dd again to the stronger species which, 
for the most part, do not readily knit together to form a compact 
suard. 

The question, too, may Ix' raised whetlnu’ suitable seeds were 
available for grassing df>wn such extnmu^ tyj)es of soils as the heavy 
clays and those overlying porous sands and gravels on neither of 
v\hicli most gra.sses thrive. more or less consistent failure of 

such a species as foxtail may possibly be ex])lain(;d by the fact that 
the S(‘ed im])orted from J^'inland Avas of a different strain to that 
which groAvs so generally in this country, or again, it may ha\^e 
been due to faulty germination. 

Typical examples of the seeds-mixtures in use to-day for the 
formation of permanent grassland arc as follows : — 
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For Heavy Types of Soil. 

Perennial rye grass ... 

Cocksfoot 

Timothy grass 

Crested dog^s-tail 

Rough -stalked meeidow grass 

Late-flowering red clover . . . 

Wild white clover 



Light Sandy Soils in Dry Districts. (Rainfall below 30 in.) 


Perennial rye grass ... ... ... 14 lb. per arre. 

Cocksfoot ... ... ... ... 10 

Crested dog’s-tail ... ... . . 1 

Tall oat grass ... ... ... 2 

Wild white clover ... ... IJ 

Late-flowering red clover ... 4 

Trefoil ... 2 


Sandy Soils in Wet Districts. (Rainfall over 30 in.) 


Perennial ‘ grass ... 
Cocksfoot 
Timothy 
Crested dog’s-tail 
Chewing’s fescue 
Wild white clover 
Late-flowering red clover 
Alsike... 



Thin Chalky Soils. 

Perennial rye grass ... 10 lb. per acre. 

Cocksfoot ... ... K 

Sheeps’ fescue ... 1 

Hard fescue ... ... 1 

Crested dog’s-tail ... 1 

Late -flowering red clover 4 

Trefoil... 

Wild white clover ... 14 


The general similarity of the soeds-mixtiires will be noticed although 
they are intended for use over a wide range of soils. The bulk of 
the mixture is provided by the seeds of perennial rye grass and 
cocksfoot. These two species are almost always abundant in good 
grassland in this country and, moreover, their establishment from 
seed is more certain than that of most other grasses. Crested dog's- 
tail is, again, a particularly widely distributed and easily established 
bottom grass, and though 1 lb. may appear a small seed rate, a 
ref^ence to the table (p. 264) will show that it provides approxi- 
mately a million seeds per acre. Of the various red clovers avail- 
able, the late flowering strain is the most valuable, for many of the 
plants will survive into the third season or possibly even later. 
Wild white clover now generally takes the place of commercial 
white or Dutch clover, in S])ito of the fact that its seed is more 
expensive. Its seeds are often present in the soil and as it responds 
freely To phosphatic manuring, a good plant can often be secured 
without having recourse to seed sowing. But the plant is too 
valuable to risk its non-appearance, and seed should always be 

L 2 



292 


GRASSLAND ; FORMATION AND MANURING OF 


sown even if smaller quantities than those given in the prescriptions 
have to be made use of on account of the cost. A partial substitu- 
tion of Dutch for wild white clover is not advisable, for it is lacking 
in permanence and there is also some evidence to show that its 
somewhat taller habit of growth tends to shade out the very pro- 
cumbent wild form. The chief value of wild white clover is found 
in the fact that it quickly forms a close sward, even on difficult soils 
such as those on the boulder clay. These five species are supple- 
mented by a few grasses and clovers known to thrive imder the 
conditions indicated above each table, but no attempt is made to 
completely match the local flora. In place of this the self-establish- 
ment of a considerable number of species is relied on. Foremost 
amongst these are foxtail and golden oat grass and, except on the 
soils overlying chalk, the finer fescues. 

The current practice is thus, to a considerable extent, a com- 
promise between sowing land down to grass and allowing it to 
“ tumble down.’’ The best results would almost certainly be 
secured if the entry of the local strains of the commoner grasses 
could be expedited. This would involve the partial return to the 
practice of sowing locally produced seed which was prevalent a 
century ago when supplies of pure seeds of agricultural grasses were 
not commercially available . Sweepings of hay lofts, feeding troughs, 
rick bases or of any places where grass seed could accumulate, were 
then used as seed. The practice was a bad one in as much as it was 
responsible for sowing grassland weeds, and an undue proportion of 
the seeds of those grasses which happened to be ripe and unshed 
when the hay crop was taken. But it did ensure the sowing of 
suitable local strains which could be counted upon to establish 
themselves with reasonable certainty and produce precisely the 
type of herbage the soil would naturally carry. Its defects can be 
avoided by the simple expedient of collecting a supply of seeds from 
near-by meadows or a portion of a pasture set aside specially for 
seed production. Large bunches of the ripened inflorescences of 
the more important species can easily be gathered by, for instance, 
the children of a village school. The bunches should then be hung 
in an airy place to dry off, and the seed knocked out and stored at 
the first opportunity. The weight of seeds obtained may not be 
great, especially if attention has been concentrated on the collection 
of the finer species such as the fescues and meadow grasses. But an 
ounce of rough -stalked meadow grass will contain some 150,000 
seeds, and if this could be sown uniformly over an acre it would 
provide three or four plants on every square foot. This “ acclima- 
tized ” seed should be mixed with the purchased bulk for sowing. 

Sowing Down to Grass. — The sowing of the complex seeds-mix- 
tures used in the formation of temporary or permanent grassland 
requires more care and attention to details than the sowing of the 
seed of any other farm crop. Condition.*: of soil and weather which 
would result in a full plant of wheat or swedes may often prove 
unsuitable for establishing a mixed plant of clovers and grasses. 
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Failures occur frequently through the action of adverse factors 
which cannot be entirely controlled, and when the costs of cultiva- 
tion and of the seed-mixtures are taken into consideration they are 
undoubtedly expensive. But though these factors cannot be 
eliminated, their ill effects can be largely minimized if due attention 
is paid to the features peculiar to mixtures of grass seed. Fore- 
most amongst these is the fact that the seeds of many species are 
far smaller than those of other agricultural plants. They must, 
therefore, never be sown deeply, for otherwise their reserves of food 
material may be exhausted before the first shoots can reach the 
surface and allow the seedlings to become self-supporting. A 
depth of half an inch is the maximum to which such seeds should 
be covered. The laiger seeds, such as those of the rye grasses, may 
be buried more deeply, though even with these the soil covering 
should not exceed an inch. Further, grass seeds as a whole 
germinate comparatively slowly. An extreme instance of this is 
provided by the smooth -stalked meadow grass. The seeds of this 
species germinate so tardily that even under the favourable con- 
ditions provided in seed -testing stations a period of six weeks is 
considered to be necessary for the completion of a germination test. 
When sown near the surface, grass seeds are thus exposed for a 
longer period than most agricultural seeds to the risks of having 
an insufficient water supply to ensure germination, and then, on 
germination occurring, of the seedlings drying out before their roots 
can penetrate to depths where a lasting supply of moisture is avail- 
able. The risks are obviously greatest in the driest parts of the 
country, and it is generally recognized that it is in these that the 
establishment of a grass plant is most difficult. Another, though 
perhaps less important feature, is that grass seedlings develop 
slowly, and, consequently, in the earlier stages of growth they are 
ill fitted to endure the competition of rapidly growing annuals such 
as charlock and poppies. 

The only method of overcoming all of these difficulties is to 
provide a clean, well worked, compact see(J-bed with a surface of two 
or three inches of finely crumbled soil. This can be most easily 
obtained after a root crop. If the sowing has to follow a cereal 
crop the recently shed seeds of annual weeds should, as far as 
possible, be forced to germinate by stirring the surface soil well 
before ploughing. Then, in the spring, the weathered furrow 
slices should be worked down to secure a fine, deep tilth, and during 
the latter stages of the process a dressing of 10 cwt. per acre of 
basic slag, or its equivalent in rock phosphates, should be incor- 
porated. In an exceptionally dry spring these operations may 
result in a considerable though unavoidable loss of moisture. The 
seed should be sown either by broadcasting or with a seed barrow 
as soon as the soil surface is in a fit condition. In order to secure a 
uniform distribution part of the seed is usually sown in one direc- 
tion and the other part at right angles to it. For this purpose it is 
a common practice to sow and cover the larger seeds, such as those 
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of the rye grasses, cocksfoot and clover, first, following on with the 
smaller seeds, which require to be kept still nearer to the surface. 
The second sowing should be lightly covered with chain harrows, 
followed by a smooth roller. The subsequent operations are deter- 
mined partly by the nature of the soil but mainly by the probable 
weather for the month or so following sowing. If there is a high 
water-table or a reasonable prospect of the soil being kept con- 
tinuously moist for a long enough period to ensure germination, 
nothing further need be done. But in districts where a dry spell is 
not unusual in the spring months, the uncertainty of an ample rain- 
fall should be replaced by the certainty of securing a sufficient 
supply of moisture from the subsoil by repeatedly rolling the 
surface. The loose tilth must be packed down until the soil is 
close enough to ensure a steady lift of capiUary moisture. There 
is then little likelihood of the seeds failing to germinate 
satisfactorily. 

Experience has shown that the establishment of a full plant of 
grass is best effected when the earlier stages of growth take place 
in partial shade. In some districts cereals are used as a “ nurse- 
crop,” either oats or barley being drilled in prior to sowing the seeds 
of the grasses. This practice involves some risk for in dry weather 
the corn crop may make excessive demands on the supply of soil 
moisture, and in wet weatlier it may become lodged and smother 
the young grass. If a cereal crop cannot be dispensed with it should 
be drilled at an under-average seed rate and stiff-strawed varieties 
should be chosen for the purpose. Victory and Record are 
suitable oats and Aircher or Spratt Archer suitable varieties of 
barley. It is generally a better practice, however, to grow a crop 
solely for shading the soil and the young grass. Any light cereal 
crop or a mixture of one half bushel of barley and a bushel of 
vetches or peas per acre may be used. The crop should be cut 
as soon as the ears begin to become clear of the sheaths and 
made into hay or ensilage. A sowing of rape seed, at the raU‘ 
of two to six pounds p^r acre, is occasionally used as a nurse 
crop and fed off by sheep as soon as the young seeds begin to grow 
strongly. 

Though grass seeds are usually sown in the spring months, 
autumn sowing produces satisfactory results. It is occasionally 
carried out in districts with a low spring rainfall, the sowing being 
made on land subjected to thorough cultivation after a bastard 
fallow. At this time of the year a nurse crop is unnecessary. 

If the growth of weeds is excessive, steps must be taken to 
check them. The annual weeds are of minor im]}ortance unless 
they are present in such quantities that they form a dense shade. 

A single cutting will usually be sufficient to exterminate them. 
The perennials, such as thistles and docks, which can hold their 
own in competition with the grasses, are more serious. They should 
be removed once for all by hand pulling. The operation is not 
difficult for the roots of the docks and portions of the rhizomes of 
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the thistle broken off during the preliminary cultivations are readily 
extracted from the loose soil before a dense mat of grass roots has 
developed. 

If the season has been favourable there will be a considerable 
amount of herbage produced in the autumn. Stock can then be 
turned in to graze it lightly if the soil is not too wet to be injured 
by treading. In the following season the field should be cut for 
hay, preferably as soon as the grass species come into flower. Its 
subsequent treatment will depend upon whether it is to be used 
as a meadow or a pasture. In the latter case further mowing will 
be unnecessary, and from now onwards grazing operations have to 
be directed towards the formation of a close, uniform weedless 
sward. Its production depends largely on the manner in which 
the field is stocked. The earlier grazing should he effected by sheep 
and cattle. 

The former graze somewhat closely defoliating the bottom 
grasses and showing a tendency to m^glect the coarser species. 
The latter graze less selectively, so that a combination of the two 
results in a uniform biting rlown of the herbage. Horses are 
unsuitable for grazing a young ])asture, for they bite portions down 
bare and leave their droppings on others. A steady deterioration 
then begins unless the resulting coarse, over-manured patches are 
either grazed by cattle or the top grass is mown in July or early 
August. Both over- and under-stocking are deleterious. The former 
leads to the development of weeds, especially of those with a rosette- 
like habit of growth, such as plantains, cat’s ear and daisies, whilst 
the latter may result in the partial disappearance of white clover. 
The aim of the grazier should be to secure a succession of flushes of 
young grass for consumption at the stage of their maximum feeding 
value. Each flush should be grazed down when the foliage is some 
three or four inches high, and the field then left to develop a 
fresh one. If sufficient stock for the purpose is not available, the 
excess of herbage should be removed with a mowing macnine to 
])rcvent the development of coarse tufts of cocksfoot and Yorkshire 
fog and of such weeds as hard heads (Centmirea nigra). 

By the end of the third season fields laid down to permanent 
grass often reach a critical stage in their development. Owing 
largely to the lack of permanence of the red clover, the bulk of the 
herbage falls off considerably, and as the growth of the finer bottom 
grasses may not have proceeded far enough to knit the coarser 
species into a compact turf, patches of bare soil become visible. 
This partial failure is especially common on clay soils where the 
gradual disappearance of the initial tilth has resulted in indifferent 
drainage and inadequate aeration. The problem then has to be 
faced as to whether it is worth while to continue the attempt to 
make a good lasting turf or to break up the land again with the 
object of putting it down to a long ley. Local knowledge is the 
best guide. If the turf on fields of long standing is satisfactory, an 
attempt at improving the field will probably be worth making. If 
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it is not the choice between a productive ley and bad or indifferent 
permanent grassland is not diMcult. 

Unfortunately little can be done to improve the physical con- 
ditions of the soil. But the surface can be tom up with spike 
harrows with good effects on the soil ventilation, and in the result- 
ing partial tilth a light seeding of six or eight pounds of perennial 
rye grass can be made and covered in by treading with sheep or by 
rolling. A further dressing of a phosphatic manure is usually 
particularly beneficial at this stage, for the white clover is stimu- 
lated into further growth and the bare patches are consequently 
covered and better conditions of nutrition provided for the 
grasses. 

Temporary Grassland. — By putting land down to grass for a 
short period, not only are some of the major difficulties of estab- 
lishing permanent grass avoided, but certain marked advantages 
are secured. The greater part of the permanent grassland in this 
country, even when reasonably well managed, does not produce the 
quantity of vegetation it is capable of growing. Periodical cultiva- 
tion and manuring are essential for the maximum growth of all 
plants. Where economic reasons make these operations too costly 
to carry out at short intervals, they can be replaced by cultivating 
at longer intervals with advantageous results. Grass is an ideal 
crop for this purpose. The laying down of land to grass for a four 
or five year period ensures, in the first place, a considerable saving 
of labour. Then, when productivity falls of! and the critical stage 
in the development of grassland has set it, the turf can be ploughed 
under. The immediate result is that the decay of the herbage and 
the roots of the grasses and clovers produces a humus- containing 
tilth such as no other method of cultivation can give. This can be 
utilized for the growth of other crops, so that the grass crop then 
takes its place in the rotation. Alternatively the land can again 
be sown with a mixture of grass seeds and so kept, if necessary, 
permanently under temporary grass. Such a procedure leads to 
the steady improvement of the land by nature’s own method of soil 
formation. The one drawback to it is the periodical expenditure 
which it entails for cultivation and seeds. Against this a number 
of immediate advantaged have to be set. Foremost amongst these 
is the fact that temporary leys used either as meadows or pastures 
are far more productive than average permanent grass, for they may 
be expected to yield at least half as much again. Next, especially 
in the case of the shorter leys, large quantities of highly nutritious 
leguminous herbage can be grown. The grass flora, too, is more 
subject to control, and less consideration need be paid to the per- 
manence of various species and to the flora of the locality, with 
the result that profitable use can be made of such short-lived species 
as tall oat grass. Where circumstances demand it, larger quantities 
of the earher growing species can be included in the seed -mixtures. 
Temporary grass, too, has the great advantage, especially in the 
drier parts of the country, that it is far more resistant tc the effects 
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of drought than permanent grass. Some traces of the initial tilth 
persist even after four years, with the result that the roots range 
more deeply and the loss of water by evaporation from the surface 
is also less. 

In deciding upon the constitution of the mixtures to be sown 
for the production of temporary leys, the following points have to 
be taken into consideration. Those for leys which are to remain 
down for two seasons or, at the most, for three, should obviously 
consist only of clovers and those species of grasses which reach 
their maximum yielding capacity in a short period. Further, their 
permanence is a matter of no importance. For the longer leys 
which are required to last for four seasons, though they may, if 
still sufficiently productive, be left down for a still longer period, 
the choice of species is less limited. In fact mixtures similar to 
those suggested for sowing down land permanently (p. 291) are 
occasionally employed. But the inclusion of the slow-grovdng 
bottom grasses is not essential, and a reasonably close, weed -ex- 
eluding award will be formed by the white clover. The omission of 
these seeds lessens the cost of the mixtures, and a further saving can 
be effected by reducing the quantities of white clover seed, though 
this should not be done drastically on account of the manurial value 
of a sward of this nitrogen accumulating plant. 

The shortest leys, usually sown with the object of providing » 
crop of hay and some autumn grazing, are often little more than 
clover crops, and they are liable to the same drawback, namely, 
that they may partially fail owing to attacks of either eelworm or 
Sderotinia trifoliorum (p. 379). The mixtures in general use are 
composed of the seeds of either broad red or late flowering red 
clover and Italian or perennial rye grass. The proportion of clover 
to grass varies widely. A generally used mixture, based on the 
results of a number of experiments at Cockle Park, consists of 
18 lb. of perennial rye grass and five of late flowering red clover per 
acre. But the proportion of clover is often largely increased, and 
mixtures such as six pounds of perennial or Italian rye grass and 
15 lb. of broad red or late flowering red clover are made use of. 
Further investigation is necessary before any very definite decisions 
can be made as to w^hich is generally the most useful of the two 
clovers and the two rye grasses. The evidence, at present, points 
to mixtures of lat,e flowering red and perennial rye grass producing 
lieavier crops than those of broad red clover and Italian rye grass. 
They also appear to be more effective in the control of weeds. 
Against this may be set the fact that Itahan rye grass will provide 
earlier keep when this is required than perennial. Where clover 
sickness is to be feared the mixture may be re-inforced by the 
addition of alsike and trefoil : — 

Perennial rye grass ... 18 lb. per acre. 

Late flowering red clover ... ... 5 „ 

Alsike ... ... ... ... .. 1 ,, 

TrefoU 1 
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For leys which are to occupy the land for an additional season, 
a wider choice of grass species is available, but the use of broad 
red clover is ruled out by its biennial habit of growth and its place 
should be taken by a mixture of the late flowering variety and 
wild white clover. Cocksfoot, Timothy grass, tall oat grass and 
meadow fescue may be made use of in addition to perennial rye 
grass. But seeds of the moisture-loving Timothy should not be 
included in mixtures for solving in districts where there is not an 
ample rainfall, and meadow fescue should only be sown in situations 
in which it is known to thrive. A mixture which is rapidly becom- 
ing a standard one is as follows : — 


Per?rnial rye graFs ... 

16 lb. per aero. 

Cocksfoot 

... lu 

Timothy 

... 4 

Late fiouoriiig rod clover 

... 4 

Wild wliite cl()V(‘** 

... P. 


This is again based on the results of investigations carried out at 
Cockle Park, where it lias produced crops of about two tons per 
acre throughout the three-year period. Its constitution may be 
modified as circumstances suggest, and one addition, namely, one 
pound per acre of trefoil, has proved useful both on clay and sharply 
drained calcareous soils. Though only of annual duration, it 
functions as a long-lived plant by seeding down freely. The re- 
placement of four pounds of the cocksfoot seed by one pound of 
crested dog's tail and of rough-stalked meadow grass leads to the 
production of a closer sward and gives a mixture suitable for pro- 
ducing a hay crop, followed by grazing for the remainder of the 
period. There is also the possibility of its standing well into the 
fourth season, or even of becoming the basis for still more 
permanent grass. 

Effects of Manures on Grassland. — The results of applying 
artificial manures to permanent grassland have been under investi- 
gation at Rotharasted for three-quarters of a century. A field was 
set aside for this purpose in 1850, and on the twenty or so plots 
into w Inch it was divided, all except two, reserved as controls, have 
received tlie same experimental dressings annually. For over half- 
a- century the field has been treated entirely as a meadow, the after- 
math being cut for hay instead of being grazed as it was in the 
earlier years. Each year the yields of the various plots have been 
determined and the herbage sorted into three groups, grasses, 
clovers and weeds, whilst at intervals of five years a complete 
botanical analysis has been made. A great volume of information 
has consequently been obtained. Unfortunately it is unique, for no 
similar experiments have been made elsewhere. Hence no detailed 
comparisons of the effects of the long continued application of 
artificial manures under conditions different from those at Rotham- 
sted are possible. There have, however, been large numbers of 
manorial trials carried out all over the country and the results of 
these, where available, generally confirm those of Rothamsted in a 
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striking fashion though their scope is narrower and th^ir duration 
far less. 

The first effect of applying any dressing capable of acting as a 
plant food material to grassland is to upset the eciuilibrium arrived 
at between the species composing its flora. Even if the rate of 
growth only is affected some grow more vigorously than others, with 
the result that they tend to crowd out others from the beginning. 
The result of continuously applying an artificial manure may then 
be expected to be a radical change in the constitution of the herbage. 
Such changes are extraordinarily clearly marked on the Rotham- 
sted plots. Each artificial manure and each combination of them 
has given rise to a more or less distinctive flora, and in doing so so 
altered the character of the turf that it is no exaggeration to say 
that certain of the plots could be picked out on walking blindfold 
across the field. The length of time the experiments have been in 
progress has, no doubt, been chiefly responsible for the clarity of 
the results. But the system of management by which the grasses 
have always been allowed to grow to the maximum, so permitting 
the factors associated with crowding and shading to exert their full 
influence, cannot have been without effect. It would serve no 
useful purpose here to attempt to follow out the effects of the 
various manures on the individual grasses, clovers and weeds. 
Their general effects on the herbage as a whole are, however, of 
outstanding agricultural interest. 

The first result of applying any nitrogenous manure to grassland 
is a great increase in the growth of the foliage and stems. The new 
growth is characteristically dark green in colour and distinctly more 
succulent than that of the plants grown without an additional 
nitrogenous supply. It also becomes especially Uable to the attacks 
of such parasitic fungi as the rusts, and should the crop become 
lodged the heavily shaded portions tend to decay rapidly. Both of 
the two commonly used nitrogenous manures, sulphate of ammonia 
and nitrate of soda, have this stimulating action, and their value 
for increasing the yield of hay is well known. The appUcation of 
one hundredweight per acre of sulphate of ammonia may be 
expected to result in an increased yield of from 6 to 10 cwt. if the 
weather conditions are favourable, whilst nitrate of soda is still 
more effective. These two manures have very different effects on 
the herbage when they are used for several seasons in succession. 
Both eliminate the clovers and leguminous plants generally, sul- 
phate of ammonia acting in this respect far more rapidly than 
nitrate of soda. This differential action is frequently made use of 
for the extermination of clovers on lawns and golf greens, on which 
such plants are looked upon as undesirable weeds. Concurrently 
wliere the former manure is used, creeping bent and the fine fescues 
iiu^H'ase in quantity, whilst the latter encourages the growth of 
meadow foxtail and downy oat grass (Avena pubescens). The 
repeated appUcation of sulphate of ammonia results, as is well known, 
in the development of an acid soil. At Rothamsted the plots so 
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treated carry a typical sour soil vegetation, the grass Bora being 
represented mainly by creeping bent and fine fescue, which account 
for approximately 30 and 55 per cent, of the herbage and the weeds 
by sheep's sorrel, whilst the clovers, unable to root down in the 
superficial layer of peaty material which has been formed, have 
completely disappeared. This type of manuring, which ultimately 
results in the ruin of agricultural grassland, is now being repeated 
wholesale on golf -greens with the object of producing an agrostis- 
festuca association. 

Four of the Rothamsted plots are used to test the effects of 
these two nitrogenous manures in association with mineral manures, 
the dressings given being 400 or 600 lb. of ammonium salts, or 276 
or 550 lb. of nitrate of soda, with 3’5 cwt. of superphosphate, 5001b. 
of sulphate of potash, 100 lb. of sulphate of soda and 100 lb. of 
sulphate of magnesia. Such dressings are far larger than those 
made use of in ordinary agricultural practice. The result of their 
use has been the production of over-average crops. The plots 
receiving 400 and 600 lb. of ammonium salts per acre have averaged 
64 and 65 cwt. of hay over the whole period, and those receiving 
275 and 550 lb. of nitrate of soda 48 and 59 cwt. respectively. 
Where ammonium salts have formed the source of nitrogen the 
leguminous plants have disappeared completely, and most of the 
weeds have been crowded out. The heavier dressing has also 
eliminated many of the grass species, with the result that the 
herbage now consists almost entirely of Yorkshire fog, tall oat grass 
and foxtail. A less drastic simphfication of the flora has followed 
the application of the lighter dressing. Tall oat grass, sweet vernal, 
smooth-stalked meadow grass and sheep’s fescue form the dominant 
species, and foxtail, cocksfoot, Yorkshire fog and creeping bent still 
contribute appreciably to the herbage. As compared with the flora 
of the plots receiving sulphate of ammonia only, it is rich in species. 
Nitrate of soda has not suppressed the leguminous plants so com- 
j)letely, and small quantities of white clover are still to be found 
even on the more heavily supphed plot. The meadow vetchUng 
(Lathyrus pratensis) also survives in fair quantity. Neither is the 
number of grass species so reduced, though characteristic changes 
in their frequency have occurred, 'i’he most striking of these is a 
great increase in the quantity of soft brome grass which now accounts 
for nearly a quarter of the weight of the herbage though it is only 
present in traces on the other plots. Foxtail, tall oat grass and 
smooth-stalked meadow grass have become the dominant grass 
species, whilst beaked parsley {Anthriscus sylvestris), which only 
occurs rarely on the other plots, grows in great abundance. 

The only phosphatic manure available when the Rothamsted 
plots were laid out was superphosphate of hme. This has been 
apphed continuously to one plot at the rate of three and a half 
hundredweight per acre. The plot is now little better than the 
impoverished un-manured controls. On it weeds such as hawkbit 
(Leontodon hispidiis), burnet (Poterium sanguisorba) and ribwort 
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(PlarUago lanceolata) are abundant, and the commonest grass is 
quaking grass (Briza media). 

Now, in addition to the superphosphate of lime there are other 
cheap sources of phosphates such as basic slag, various ground 
mineral phosphates, bone meal, steamed bone flour, etc. Numer- 
ous trials with these have established the fact that with compara- 
tively rare exceptions the result of their application is an abundant 
growth of all leguminous plants, and especially of white clover. 
Fields so treated, on which only traces of the plant can be found 
after careful searching, may become an almost continuous white 
clover mat after a single dressing. No complete explanation of this 
extraordinary development is available yet, but it is generally 
assumed that it is in some way connected with the fact that the 
growth of leguminous plants is dependent on the bacterium -con- 
taining nodules which are so distinctive a feature of their root- 
systems (p. 401). For the time being all that can be said is that 
clovers “ respond ” to phosphatic manures. In doing so they 
accumulate nitrogenous materials which in time find their way into 
the soil and become available as food material for the grasses. A 
dressing of a phosphatic manure is thus an indirect form of nitro- 
genous manuring. 

The Kothamsted plots provide relatively little information 
regarding the effects of potash on the flora of grassland. One pair of 
plots is available for comparison. These have been treated with 
ammonium salts plus, in one case, a complete mineral dressing, and 
in the other a similar mineral dressing minus sulphate of potash. 
The lack of potash results in a well marked decline in the yield of 
hay and a retardation of the flowering period of the grasses. Moat 
of the recent experiments indicate that potash alone, when used for 
comparatively short periods, has little effect on the herbage. 
Probably the potash requirements of the constituents of the grass- 
land flora are amply met by the supply available in the soil, except 
in the case of those of an extremely sandy or gravelly nature. 

Although the grassland flora of soils overlying both chalk and 
limestone is usually rich in species the grasses, as a whole, are not 
calcareous plants and most of those of agricultural value thrive on 
soils with a low or neghgible calcium content. Acid soils, however, 
are distinctly prejudicial to their growdh, and very few species con- 
trive to exist on really sour soils. No uniformity of results can 
therefore be expected to follow the liming of grassland. Accumu- 
lated experience has now shown that over a great part of it the 
apphcation is a mere waste of money, whilst on the other hand, it 
is the only method of improving the vegetation of sour soils. It is 
usually easy to determine whether liming is likely to be beneficial. 
If the flora consists largely of bent grasses, sheep’s fescue and York- 
shire fog, if white clover is only present at the most in traces, and 
tormentil (Potentilla Torruentilla) and heath bedstraw {Galium 
saxatile) are the commonest weeds, then the soil is definitely sour 
and the application of lime in some form is desirable. 
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Soils ca»rryiiig a scanty vogotation of this type often show oon- 
sider^ble patches of bare earth. If a turf is lifted from them the 
edges show sections of a skin of peat-like material consisting of the 
undecomposed remains of previous years' growth. This tends to 
increase in thickness year by year, for the processes of decay go on 
slowly under sour soil conations. It forms an unfavourable 
stratum for the runners of white clover to root into, and the plants 
fail to spread, even if they do not disappear entirely. Rain water 
falling on the surface is retained by the peat, with the result that 
after a dry season the soil below it may be dry for weeks after rain 
has fallen. 

When heavily limed the peat mat gradually disintegrates, the 
process often going on so slowly that no effects are visible for two or 
three years. As it disappears the clovers re-establish themselves 
and the grazing improves considerably. But no pronounced 
changes occur in the flora, and the bent grasses still predominate. 
Fields showing such features are common on the millstone grit and 
on carboniferous formations. They may also occur on boulder 
clay in districts of high rainfall. Where they are found in the 
neighbourhood of large, smoke-ridden, manufacturing centres they 
represent some of the most unproductive grassland to be found in 
the country. 

The presence on neighbouring arable land of such weeds as corn 
marigold (Chrysanthemum segetum), spurrey (Spergula arvensis) and 
sheep’s sorrel (Rumex Acetosella) is an indication of some degree 
of soil sourness. If the acidity is not pronounced its effects on 
the grass flora are not obvious. Liming may then result in some 
improvement or its effects may be negligible. Such soils sour rapidly 
when dressings of sulphate of ammonia are used on them. They 
can then be quickly brought back to their original condition by the 
application of lime. 

The occurrence of such plants as rest-harrow (Ononis arvensis), 
wild clematis (Clematis vitalba), dog rose and hawthorn is an indica- 
tion that the lime contents of the soil are ample for the agricultural 
grasses. The vegetation on soils derived from chalk and limestone, 
or on boulder clay, Oxford clay or the lias clays is rarely benefited 
by the application of lime. But exceptions may be met with where 
a heavy rainfall has leached the surface soil, or again, where the use 
of continuous dressings of ammonium sulphate has decalcified it. 

In order to secure the best results from permanent grassland it 
is essential to keep up its fertility.^ As time goes on it deteriorates 
owing to the removal of food materials from the soil, either in the 
form of hay or in the carcasses of live stock. The depreciation is so 
gradual that it is often overlooked. Its chief characteristic is to be 
found in changes in the grass flora and a markedly increased weedi- 
ness. The only definite information on the course of these changes 
is provided by the Rothamsted grassland experiments. The two 
control plots, which have been mown twice yearly for half a century, 
have never received any manure. The periodical analyses show no 
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striking changes in the total weight of the herbage. Its character, 
however, has altered steadily owing to an increase in tne quantity 
of such weeds as burnet, hawkbit and knapweed, and a decrease in 
the grasses. The weeds now account for about one-half of the 
total produce of the two plots, and the gras.s flora is represented 
mainly by quaking grass and sheep’s fescue. The impoverishment 
is typical of much of the poor grazing land to be found all over the 
country. 

The judicious use of artificial manures, either alone or in associa- 
tion with farmyard manure, will do much to prevent this subtle 
deterioration. The numerous demonstrations carried out at 
experimental stations all over the country have provided a great 
deal of information on the best methods of employing them, and 
the general decrease in their prices has enabled farmers to take 
advantage of the knowledge which has been obtained. But so 
great are the differences in grassland floras, in soils and cliiriate, as 
well as in the requirements of individual fanners, that it is impossible 
to do more than give general indications on the best manures 
to be used for any particular purpose and on the best times for 
applying them. But much valuable local information can generally 
be obtained from the nearest (Jounty Council Agricultural Organizer. 

Manuring Meadows. — On dairy farms and farms on which the 
whole supply of yard manure is not required for the arable land, the 
yields of hay are kept up by dressings of farmyard manure varying 
from 10 to 20 tons per acre. Where this practice is continued year 
by year the tendency is towards the production of bulky and 
somewhat coarse herbage which is often ricli in the undesirable 
Yorkshire fog and singularly deficient in clovers. 

Where farmyard manure is not available nitrogenous manures 
are essential for the continuous production of heavy crops of hay. 
If their use is suspended, especially on fields which have been 
systematically mown, the yields fall off immediately. The nitro- 
genous manure most generally used for the purpose nowadays is 
sulphate of ammonia. This is appUed in March or early in April 
at the rate of one to one and a half hundredweights per acre in the 
expectation, if the weather conditions are favourable, of securing 
an increase in the hay crop of from half to three-quarters of a ton. 
But equivalent dressings of nitrate of soda or nitrate of lime may be 
used instead, and this substitution has the advantage, particularly 
on soils with a low lime content, that souring of the land is less likely 
to follow. As the Rothamsted results have shown (p. 299), the con- 
tinuous use of nitrogenous manures alone is inadvisable, as it leads 
to a certain deterioration of the herbage. They should be supple- 
mented with phosphatic manures and, at longer intervals, in many 
cases with lime. The phosphatic manures have never been used on 
meadow land to the same extent to which they are used for the 
improvement of pastures chiefly because the clovers, though valuable 
when present in quantity, do not generally constitute a large pro- 
portion of the mixed herbage present in hay. If applied to meadows 
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they may or they may not produce an increase in the crop. If the 
yield is already in excess of a ton to the acre they will, as a rule, have 
little effect on the quantity, though the quality may be markedly 
improved. On the other hand, where the yields are low and of the 
order of 10 — 15 cwt. per acre, a dressing wUl often increase the crop 
to 20 or 25 cwt. In both cases there is the likelihood of an 
improvement in the quality of the aftermath. 

The results are most marked on the heavy clay soils, often 
described as slag-land,” and on soils which are not deficient in lime. 

Either basic slag, ground mineral phosphates or superphosphate 
of lime may be used for the purpose (p. 305). 

Where either farmyard manure or a nitrogenous artificial manure 
has been used for some years, an application of lime may have 
decidedly beneficial results, even though the flora shows none of the 
characteristics associated with sour soils. Frequent dressings are 
rarely needed for the effects are very persistent. 

A definite manurial rotation such as farmyard manure in the 
first year, a phosphatic manure in the second, and a nitrogenous 
manure in the third, with an application of lime at intervals of, say, 
seven years, would probably do much towards keeping up the 
quahty of the herbage as well as producing heavy crops of hay. 

Manuring Pastures. — It is now generally recognized that, with 
some few exceptions, the outstanding method of improving grazing 
land is to apply occasional but liberal dressings of a phosphatic 
manure. Experiments in all parts of the country have shown that 
this simple procedure will often double the stock -carrying capacity 
of the land. Moreover, it costs fittle and the effect, unlike that of 
using a nitrogenous manure, is a lasting one. Whilst any phos- 
phatic manure will answer the purpose, basic slag has always been 
used on a far larger scale than any other. This material is a bye- 
product of the Bessemer process for making steel. Within recent 
years, however, this has been superseded by the open hearth 
process, with the result that different types of slag are now being 
produced. Their agricultural value is now the subject of numerous 
investigations. One kind, resulting from a process in which no 
fluor-spar is used, contains from 10 to 17 per cent, of phosphoric 
acid, and, treated with a two per cent, solution of citric acid, it 
shows a solubility of 80 per cent. This may be used in place of the 
original basic slag, which is now only obtainable on the Continent. 
The fluor-spar basic slag, with a phosphoric acid content of 12 to 
15 per cent., is only 40 per cent, soluble. It is thus a slow dieting 
and less valuable kind. 

The relatively low price per unit of phosphoric acid in ground 
mineral phosphates, together with the uncertainty of the values of 
the newer kinds of basic slag, has led to many investigations on the 
possibility of substituting the former for the latter as manures for 
grassland. Their value has been found to depend very largely on 
the fineness of their grinding. Material treated so that 80 or 90 
per cent, of it will pass through a sieve with a mesh of 120 to the 
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inch has given very satisfactory results, especially in districts with 
a high rainfall. A number of these mineral or rock phosphates are 
now available. They differ considerably in their phosphoric acid 
content and solubility. Perhaps the most generally satisfactory is 
the North African sort known as Gafsa. This, as far as experi- 
mental work goes at present, appears to give better results than 
either the Florida or the Nauru rock phosphates although its phos- 
phoric acid content is lower. If applied at the rate of five or six 
hundredweight per acre the results are comparable with those 
obtained from dressings of 10 cwt. of basic slag, and further, the 
cost is considerably less. 

In some of the Dominions and in the United States superphos- 
phate of lime takes the place of basic slag in this country. In 
spite of its greater cost it still finds a somewhat limited use for 
the improvement of pastures here. It is especially valuable in dry 
districte and on soils overlying chalk and limestone. 

To secure the best results from phosphatic manuring heavy 
dressings should be used. As a general guide 10 cwt. per acre of 
bsisic slag, or its equivalent in some other form, is the quantity 
likely to prove most profitable on fields which are being treated for 
the first time. It should, moreover, be put on in a single dressing, 
for in a five-year period this quantity will give a better return than 
five two-hundredweight dressings applied annually. The manure 
may be applied to the pastures at any season of the year, for little 
is lost by leaching. It should not, however, be put on during wet 
weather with the object of getting it washed into the soil as quickly 
as possible, for it is apt to set when in contact with a moist surface. 
Even under the driest conditions these heavy dressings of basic slag 
or of mineral phosphates are not harmful to the vegetation, but 
superphosphate of lime may cause an appreciable scorching of the 
foliage. The effect is only transitory, and the plants soon grow 
again normally. It can be avoided, however, by dividing the bulk 
of the manure into two or three parts and applying them at short 
intervals. 

The soils which particularly repay the cost of phosphatic manur- 
ing are the heavy clays and loams and the calcareous soils of chalk 
and hmestone districts. But extraordinary as its effects generally 
are, it will fail to effect any improvement of the herbage if some 
essential food material should be lacking in the soil. In cases where 
phosphatic manures have proved to be useless investigation has 
often shown that the lack of potash or of lime has been the cause, 
and once these deficiencies have been remedied, the usual results of 
its apphcation follow. Thus the light, sharply drained soils of 
sandy or gravelly districts are frequently unresponsive to phos- 
phatic manuring alone, but if it is supplemented wdth a potash 
containing manure, such as kainit, an improved type of flora is 
soon obtained. Similarly, the failures on excessively sour soils are 
due to the lack of lime, and it is useless to expect any marked 
improvement from their use until the mat of dead vegetation has 
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been broken down and conditions suitable for the spread of white 
clover established (p. 302). The inadequate drainage which is so 
often to be found on heavy soils may also prevent phosphatie 
manures producing their expected results. Its effects are often 
visible on the “ high-backed ” clay lands where, not uncommonly, 
a vigorous growth of white clover is found on the ridges, whilst in 
the valle3^s the flora remains unaltered. Where the systematic 
improvement of pastures on such land is being undertaken, 
advantage can often be taken of the fact that it is frequently suitable 
for mole -draining. 

Hitherto nitrogenous manures have not been used so extensively 
for increasing the production of pastures as for meadows. An in- 
crease in the bulk of the crop in June makes little appeal to graziers, 
who frequently find that at the height of the growing season there 
is more herbage than the stock can consume, whilst both before and 
after the supply may be inadequate. The possibilities of spreading 
the supply over a longer period and at the same time of making use 
of it when in its most nutritive condition by taking advantage of 
the growth -forcing properties of nitrogenous manures are now being 
investigated. The system in use at present requires a number of 
small fields of approximately the same size, or a large field fenced 
off into a series of small units. On each of these, in turn, a croj) 
of young grass is forced by the application of a nitrogenous manure, 
generally sulphate of ammonia, used at the normal rate of one 
hundredweight to the acre. The first dressing is given early in 
February with the object of producing not only a heavier crop but 
an earlier crop than usual. When the foliage has reached its 
maximum nutritive value, that is when the grass is some three or 
four inches in height, it is closely grazed. The stock are then trans- 
ferred to a second field or section, thence to a third and so on, on 
all of which similar crops have been forced. As soon as each has 
been grazed another dressing of sulphate of ammonia is given in 
order to keep up the rapid production of a heavy c^rop of high- 
protein grass. In the aggregate, some three to four hundredweight 
per acre may be applied in a single grazing season. 

The system has the advantage that the grazing period is pro- 
longed, for crops can be secured both ear her and later than normal, 
and further, that the grazing itself is under better control owing to 
the uniformity of the crop and the small areas which have to be 
defohated. But this intensive method of management has diffi- 
culties of its own. The yield of herbage is very largely dependent 
upon weather conditions : in dry seasons the manuring will have 
little effect, and in wet so much grass may be produced that the 
available stock cannot cope with it. The surplus must then be 
removed either for hay or ensilage. A small area treated in this 
manner may form a useful adjunct to a grassland farm, but it should 
be backed by a larger area of less intensively managed land, either 
to carry a temporary surplus of five stock or to be mown as circum- 
stances dictate. Where sulphate of ammonia is used continuously 
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on this scale it is almost certain that the clovers will disappear and 
the land will quickly become sour. The former can be prevented 
by the use of phosphatic manures and the latter by liming at 
intervals which will depend largely on the initial lime content of 
the soil. 

Various forms of lime are available for the purpose, and as their 
effects are much the same, in the long run if not immediately, a 
consideration of their relative costs may determine which should be 
used. Two of the most satisfactory forms are provided by finely 
ground limestone or chalk. Either may be applied, at the rate of 
two tons per acre, by means of a distributor or by broadcasting 
with shovels from a cart. If the material becomes wet it does not 
set but forms a paste which again falls into a powder on drying. 
It can consequently be well distributed by harrowing. These 
materials have the advantage that they can be applied at any con- 
venient time for neither has any injurious effect on herbage or on 
live stock. Moreover, they can be purchased at any time, for they 
undergo no deterioration on storage. 

Quick lime has the advantage over ground limestone and ground 
chalk that smaller quantities can be used on account of its higher 
calcium content. A possible saving in transport costs may there- 
fore be set against the fact that it is a less convenient material to 
apply to the land. It is usually purchased in the form of lump lime. 

Quick lime must be applied during the late autumn or winter 
when the herbage is in its most dormant condition. The lumps 
should be placed in small heaps in the field and allowed to slake. 
The resulting material must then be distributed as uniformly as 
possible by means of shovels and harrowed in immediately. A dry 
period is necessary for this operation, for the slaked lime, when 
wetted, cakes into hard lumps. Slaked, or hydrated lime may also 
be purchased in the form of a fine powder which can be spread 
uniformly by means of a distributor, but it is unpleasant to handle 
and, as a rule, costly compared with quick lime. 
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CHAPTER XIV. 

ENSILAGE AND HAYMAKING 

The practice of ensilage enables a green crop to be conserved in 
the succulent condition for feeding to farm animals during winter. 
There is evidence that the ancients were in the habit of storing 
grain in pits in the ground, and little doubt can be entertained 
that ensilage in its modem form can trace its origin to this primitive 
practice. The process of ensiling green fodders, however, is of 
much more recent origin and was first practised in Central Europe. 
It was not until the second half of the last century that this new 
method of fodder conservation attracted much attention in this 
country. In the year 1885, following a series of trials of the method, 
Mr. George Fry published a short treatise embodying the results of 
his experiences. It is of interest to note that his conclusion respect- 
ing the essential condition for the production of sweet silage, 
namely, the attainment in the silo of a temperature of at least 
50° C., has been borne out by the results of more recent investigations 
into this and kindred questions. 

It was in the United States of America, however, that the 
practice of ensilage gained the firmest foothold. Here, for the 
first time, the process was carried out in tall cylindrical towers, 
a modification of the practice which greatly reduced the wastage 
during storage of the green crop. The spread of ensilage in the 
United States was further encouraged by the favourable conditions 
in that region for the growth of maize, wdiich is the silage crop 
par excellence. The practice is now so widespread, that it is 
computed that there are now almost a million silos in use in the 
northern half of the American continent. Early in the present 
century, the cylindrical stave silo was introduced into this country, 
where it soon gained the favourable interest of agriculturists in 
many counties. Generally speaking, however, the importance of 
ensilage in farm husbandry has not so far received from British 
farmers the recognition to which it is entitled. 

Crops Suitable for Ensilage. — Amos states that an ideal crop 
for ensilage should satisfy the following conditions : — (1) It should 
be easy and cheap to grow', so that its cultivation does not 
interfere with that of other more important crops. If seeding and 
harvest occur when other crops do not require attention, so much 
the better. (2) It should be a reliable crop, not subject to great 
variations in yield, so that the farmer can calculate with reasonable 
certainty his supply of winter fodder (the disadvantage of the root 
crop in some districts is its uncertain yield). (3) It should be 
easy to harvest, capable of being cut with the grass cutter, easily 
carted and quickly chaffed for filling into the silo. (4) It should 
be capable of reaching with absolute certainty the l equired degree 
of maturity for ensiling, since immature crops are apt to give rise 
to sour silage. (5) The silage produced should have a relatively 
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high feeding value, should be digestible and contain a reasonable 
amount of protein. (6) The growing of the crop should provide 
time for weed destruction either before sowing or after harvesting, 
or should facilitate suppression of weeds by smothering. 

It may be stated generally that most of the usual forage crops 
are suitable for conversion into silage with the exception of members 
of the cabbage tribe (Brassicse), the latter being too succulent and 
liable to give rise to a foul-smelling product. Ensilage of meadow- 
grass, when conditions are unfavourable to hay-making, offers 
obvious advantages. Grass cut late in autumn can be converted 
into good silage when the prospects of turning it into hay may be 
remote. The second and third cuts of mixed grasses and clovers 
grown on arable land are frequently filled into the silo, the first 
cut being converted into hay. Attention may also be directed to 
the fact that encouraging results are being obtained in the ensilage 
of grass in its yoimg stages of growth, the material thus being 
conserved at its phase of maximum feeding value for use during 
winter. 

It should be noted that leguminous crops are not suitable for 
ensiling alone, the resulting product frequently having a strong, 
unpleasant odour. In admixture with grasses or green cereals, 
how^ever, the leguminous fodder crops are very suitable. Lucerne 
sown with cocksfoot or rye-grass, for example, has given highly 
satisfactory results on suitable soils. 

In those parts of the world which favour its growth, maize is 
pre-eminently the best crop for silage. Not only does it produce 
a very heavy crop of succulent and digestible forage, but by reason 
of its stout, erect growth, it can be cut and loaded very readily as 
well as rapidly fed and chaffed in the cutter. These factors render 
it cheap to grow and economical to handle per food imit. In this 
country, however, attempts to produce silage from maize are by 
no means always successful. The summer climate does not allow 
either a long enough growing period, or a sufficiently hot one, to 
bring the crop to the desired stage of maturity for ensiling, at which 
stage the maize grains should be firm and in a “ glazed '' condition. 
Further, the crop is exceedingly sensitive to night frosts in the 
seedling stage and the foliage is liable, at a later date, to be cut down 
by early frosts in autumn. Maize (e.g. the American Horse Tooth 
variety) is more frequently grown in this country for green soiling 
than for ensilage, but it should be emphasized that at least one 
early-maturing variety, the French Jaune Gros du Domaine, has 
given excellent results when growTi for silage at Cambridge and 
in the southern counties. 

The most uniformly successful silage crops in this country are 
mixtures of oats and vetches, or oats and peas on light land, and 
beans, oats and vetches on heavy land. The defect, from the silage 
standpoint, of the vetch crop when grown alone is its tendency to 
become laid, but this difficulty is overcome when it is sown along 
with a supporting crop such as oats, wheat, rye or beans. Amos 
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recommends the use of Grey Winter oats, which besides possessing 
the requisite degree of winter hardiness, are able to develop rapidly 
in the spring. He gives the following rates of seeding per acre 
for autumn sowing : on light land, 6 to 8 pecks of vetches with 
8 to 10 pecks of oats ; on heavy land, 3 to 6 pecks of vetches with 
8 pecks of winter beans and 4 to 6 pecks of oats. 

The sunflower is often grown for silage in certain parts of the 
world which are too cold for maize (e.g., the Pacific North-west). 
It is a hardy plant capable of withstanding drought and frost. 
The process of seeding is relatively cheap and it displays free, 
rapid growth on poor light soils, yielding a heavy tonnage of green 
matter per acre. The crop has not been widely tested in this 
country, but trials at Cambridge have indicated that the silage 
produced from this crop is rather fibrous and indigestible and of 
distinctly lower feeding value than maize silage. It may be that 
different methods of cultivation (such as close planting) might 
lead to a reduction in the fibrous nature of the stems. 

Mention should finally be made of the growing practice in this 
country of ensiling ^gar beet tops. These are not generally suitable 
for filling into tower silos, but may be ensiled in pits or clamps 
close to the fields on which they have been growi\. 

The Making of Silage. — Green fodders may be converted into 
silage by three methods ; — (1) in specially constructed buildings 
called silos, usually erected in the form of tall cyhndiical towers ; 
(2) in silage clamps and (3) in silage stacks. It may be stated at 
once that although ensilage in the clamp and stack is often success- 
fully carried out and affords a useful and cheap method of saving 
green crops in wet hay-making seasons, yet in those cases where 
ensilage is to form a definite part of the farm system, there can be 
no gainsaying the economy and advantages of a properly constructed 
silo. The erection of a tower silo involves an initial capital outlay, 
but its use enables silage of good quality to be made with very little 
waste ; on the other hand, although clamps and stacks involve 
little or no expenditure of capital, the silage obtained by their use 
is frequently of pool quality and the wastage is always considerable. 

The Tower tSiLO. -Silos are usually constructed of w^ood or 
concrete, and less fr(‘quently of steel, the tower being 30 ft. or 
more in height and varying from 12 to 20 ft. in diameter. When 
filling the silo, which should preferably, although not necessarily, 
be carried out in fine weather, the green crop is chaff(;d and blown 
to tlie top of the silo by means of a silage cutter and blower. Care 
should be taken to ensure a regular and uniform filling. As each 
layer of green chaff is spread out, it should be firmly trampled, 
ihf^ centre of the mass being kept slightly fiigher than the sides. 
This treatment K‘ads to compact settlement and exclusion of most 
of the air, conditions which are essential to the production of good 
silage. 

The top layers in the silo should particularly be very firmly 
compacted, in order to minimize wastage at the exposed surface 
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as a consequence of mould action. With this object in view, it 
is sound policy in the final stages to fill in a few tons of moist, 
succulent material, such as ditch brushings or nettles, since such 
green stuff settles down very compactly and prevents the penetra- 
tion of air into the underlying mass. If such material is not avail- 
able for this purpose, the same object may be achieved by turning 
the hose-pipe on to the green crop as it passes into the silage cutter 
during the last stage of filling. 

Silage made in towers may, if desired, be fed without danger 
to farm animals immediately after completing the filling of the silo. 
On the other hand, it may be stored in the silo for a period of two 
or three years without deterioration in quality, provided the 
conditions are such as to prevent access of air. 

The Clamp Silo. — When choosing the site for a silage clamp, 
care should be taken that the ground in the vicinity is not subject 
to water-logging during winter and that the selected site is close 
to a road for carting purposes. Amos recommends that the floor 
of the clamp should be rectangular in shape and excavated to a 
depth of from 1 to 3 ft., the soil being throvTi to the sides. A 
convenient width is from 12 to 16 ft. ; the length, however, depends 
on the weight of crop to be ensiled. It is not usual to chaff the 
green crop for purposes of clamp ensilage, but merely to draw 
each load over the clamp by means of a horse before unloading 
and spreading. A clamp silo is made in much the same way as 
a drawn-up clamp of farm-yard manure. 

The greatest difficulty in connection with the clamp is to prevent 
the silage in the bottom layers from being sour. This difficulty 
may be overcome by filling into the silo in the first stages a portion 
of the crop which has been allowed to wilt for two days after cutting, 
such partially dried material not packing so tightly and heating 
more readily in consequence. Failing this procedure, the filling 
j)rocess should be suspended for two days after a layer of 2 to 3 ft. 
of material has been spread over the floor of the clamp. The crop 
heats up considerably during this interval and in the subsequent 
stages of filling, the heat spreads through the mass of the material 
and ensures the production of a palatable type of silage. When 
carting is completed, the top of the clamp should be covered with 
earth without delay and finally, earth should also be throwm against 
the sides. 

The Stack Silo. — The essential conditions for successful 
ensilage in a stack are : (1) a level piece of ground, the stack being 
built straight off the earthen floor ; (2) a sheltered situation and 
in particular, protection from the prevailing wind, by such devices 
as sailcloths, for, if allowed free access to the stack, it may cause 
over-heating on the exposed side and unequal settlement of the 
ensiled material ; (3) careful covering or thatching of the stack to 
give protection against ingress of rain and the spoiling action of 
moulds ; (4) the cutting of the sides of the stack after completion 
in such a manner as to leave a straight and compact surface exposed 
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to the air, thus preventing the action of moulds from penetrating 
any considerable distance into the stack ; (6) the weighting of the 
stack to assist consolidation of the mass. A simple inexpensive 
device used at Cambridge for this purpose consists of two long 
poles placed along each side at the top of the stack, over the poles 
being passed strong wires weighted at each end by railway sleepers. 

The amount of wastage by mould action in the case of stack 
silage may be very considerable, especially with small stacks, 
where the exposed surface is large in proportion to the bulk of the 
ensiled crop. The process is only efficient when very large stacks 
are made, but when it is resorted to for the purpose of making 
sweet silage from a hay crop in danger of being ruined by inclement 
weather, considerations of economy and efficiency become of 
secondary importance. 

Scientific Aspects of Ensilage. — When a green crop is chaffed 
and filled into the silo, the plant cells continue to respire and 
in this process, a portion of the carbohydrate of the crop is 
oxidized to carbon dioxide and water with the production of heat. 
The inability of this heat to escape readily from the compact 
material aocounts for the rise in temperature which occurs soon 
after filling the green chaff into the silo. Proteolytic enzymes 
pre-existent in the crop act on the protein constituent, causing it 
to be hydrolysed to amino acids to a marked extent. This change 
is illustrated by the data in Table 1. for the composition of green 
oats, vetches and beans and of silage made from this mixture. It 
will be noted that storage of the crop in the silo is accompanied by 
a distinct lowering of the percentage of true protein and a corre- 
sponding increase in the amount of simple nitrogenous substances 
(“ amides ”). 

Table I. — Composition of green oats, vetches and beans and 
of oat, vetch and bean silage (dry matter basis). 


Crude protein 

Green crop 
per cent. 

9-69 

Silage 
per cent. 
9*86 

Ether extract 

409 

5*24 

Nitrogen-free extractives 

51*22 

47-88 

Crude fibre 

2619 

26-78 

Ash 

8*81 

10-24 

True protein ... 

“ Amides ” 

7*55 

4*05 

2*14 

6*81 


Ensilage of a green crop is invariably accompanied by the 
production of organic acids, which arise from the action of micro- 
organisms on the carbohydrate of the crop. The common organic 
acids in silage are acetic acid, propionic acid, butyric acid and 
lactic acid. The unpleasant smell of sour silage is due to the 
preponderance of butyric acid, but in unspoilt tower silage, butyric 
acid is usually absent altogether and lactic acid is present in excess 
of acetic acid. Good maize silage contains, on the basis of the wet 
material, about 0*4 per cent, of acetic acid, 0*9 per cent, of lactic 
acid and a trace of propionic acid. 
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The chlorophyll of the green crop is transformed by the action 
of the organic acids which arise during ensilage into the magnesium 
— ^free derivative phseophytin. The latter may vary from olive- 
green to yeUowish-brown €md brownish-black in colour. For this 
reason, the colour of silage is not a safe criterion of its quality. 

Types of Silage. — ^Work carried out at Cambrige on the 
factors which influence the quality of silage arising from the 
conservation of the oat and vetch crop has enabled five distinct 
types of silage to be recognized, namely, sweet, acid brown, green 
fruity, sour and musty silage. 

Sweet silage has a pleasant smell, not unlike that of over-heated 
hay, and is readily consumed by stock. It is formed when the 
temperature of the ensiled material is permitted to rise to 60® C. 
or beyond. At these temperatures, the fermentation in the silo 
is dominated by the lactic bacteria, and in consequence the main 
acid in sweet silage is lactic acid. To ensure the production of 
this type of silage, it is advisable to ensile a comparatively dry 
crop, either one owing its dryness to sufficient maturity, or one 
that has lost moisture as a result of wilting. Such fodder does 
not pack so tightly as is the case with sappy, succulent material 
and consequently retains more air. This circumstance leads to a 
more active cell respiration (an oxidation process dependent on 
air supply) and therefore to the attain nient of higher temperatures 
in the silo. It should be noted in passing that the plant cells die 
at a temperature of 60® C., at which point cell respiration ceases. 

Silage made in stacks is usually of the sweet type, since imder 
these conditions air has much freer access to the material than when 
the crop is ensiled in a tower. In the so-called electro-silo used in 
certain parts of Gernaany, the production of sweet silage is brought 
about by raising the temperature of the ensiled fodder to 60® C. 
by the passage of cm electric current. 

Acid brown silage, possessing a pleasant, acidic smeU from the 
presence of acetic acid, is perhaps the commonest type of silEige 
produced in tower silos. It is obtained by ensiling a reasonably 
mature crop containing about 70 per cent, of water, the mown crop 
having been allowed to wilt for some hours before ensiling. The 
temperature during the fermentation rises to between 30 and 40® C. 
This type of silage, which varies in colour from yellow-brown to 
brown, is readily eaten by farm stock. 

Green fruity silage, so called because of its olive-green colour 
and its attractive smell arising from the production of small amounts 
of fragrant-smelling esters during fermentation, is superior to acid 
brown silage in palatabUity and feeding value. It is formed when 
oats and vetches are ensil^ in a medium stage of maturity, when 
the oats are in full milk and the vetch pods full-grown in length 
but with seeds barely half formed. It is essential to ensile the 
crop without wilting. The temperature of fermentation in this 
case is about 30® C. 

Sour silage has a dark-brown to olive-brown colour and an 
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offensive '' cheesy ’’ smelJ due to the presence of butyric acid. To 
ensile a very immature, succulent crop is to risk the production 
of this very undesirable type of silage, since the sappy material 
settles down so compactly that air is too thoroughly excluded and 
the rise in temperature is small. The course of fermentation in 
these conditions is uncertain, and sour silage, containing a high 
percentage of butyric acid and little or no lactic acid, usually 
results. 

Musty silage, which should never be used for feeding purposes, 
may arise when air has too free access to the ensiled crop, this 
leading to extensive spoiling as a result of mould activity. Such 
silage may be distinctly alkaline in reaction instead of acidic. In 
the tower silo, musty silage is only formed in the surface layer, 
but considerable wastage may occur in the stack from moulding, 
especially if the stack is carelessly finished off. 

Feeding Value of Silage. — Sufficient evidence has been accumu- 
lated to show that the digestibility and feeding value of tower 
silage is about equal to that of the green crop itself and, on 
the dry matter basis of comparison, of hay made under good con- 
ditions from the same green crop. This statement is borne out 
by results obtained by H. E. Woodman in determinations of the 
digestibility and nutritive value of hay and silage made from a 
crop of oats and vetches. 

Tablk II. — Digestion coefficients and starch equivalents of 
green oats and vetches, oat and vetch hay, and oat and vetch silage. 



Green oats 

Oat and 

Oat and 


and vetches. 

vetch hay. 

vetch silage. 


Per cent. 

Per cent. 

Per cent. 

Gry matter 

63-7 

65 '0 

64-1 

Organic matter ... ■ 

66-5 

66*1 

65*9 

Crude protein 

63- 1 

68*2 

65-1 

Ether oxtrac't 

51 '9 

36-8 

73*4 

Nitrogen-free extractiv^os. . . 

76*5 

71-3 

70-5 

Crude fibre... 

476 

58-7 

57-1 

Starch equivalent of 100 lb. 
dry matter (lb. ) . . . 

44*9 

43-2 

45-6 


It will be noted that the hay, silage and green croj) are digested 
to an almost equal degree. Indeed, storage in the silo appears to 
lead to a significant increase in the digestibility of the fibre in the 
crop. This finding, which has been noted generally in connection 
with the ensilage of green fodders, is of distinct economic importance, 
since silage crops usually contain consideiable amounts of fibre. 
The high digestion coefficient of the ether extract of the silage is 
noteworthy, but in this connection it» should be pointed out that 
the ether-soluble fraction of silage consists ahnost wholly of organic 
acids. 

In feeding trials carried out at Cambridge with young cattle, 
oat and vetch silage has been shown to give slightly better results 
than hay made from the same oat and vetch mixture, the conclusion 
having been drawn that 100 lb. of silage containing about 70 per 
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cent, of moisture is equivalent to 35 — 40 lb. of hay containing 
about 15 per cent, of moisture. 

Silage crops are frequently grown as a substitute for roots. It 
is desirable to point out, however, that roots and silage, although 
similar in respect of their succulent character, differ very consider- 
ably in chemical composition. From the results of extensive 
feeding trials, Drew concluded that 6 lb. of silage (oats, peas, beans 
and vetches) is able to replace 10 lb. of mangolds plus about J lb. 
of hay in- the rations of dairy cows and fattening cattle. Further, 
the labour of feeding silage to stock is small compared with that 
involved in root feeding. 

Silage is a valuable food, on account of its soft, succulent 
character, for weaning calves. It is a favourite material for inclusion 
in the rations of dairy cows and, when fed to fattening bullocks, 
produces the “ bloom ” on the coats which attracts the eye of the 
butcher. It is relished by sheep and may be fed in moderation, 
up to 14 lb, per day, to horses. On account of its fibrous character, 
however, it should never be given to pigs in more than very small 
amounts. 

Losses of Nutrients During Ensilage. — The losses of food 
material which occur when a green crop is ensiled are the result 
of (1) the oxidation of a small part of the carbohydrate in the 
fodder to carbon dioxide and water as a consequence of C')U 
respiration during the early part of the storage period : (2) the 
fermentation of carbohydrates by bacterial agency ; (3) the carrying 
away of soluble food constituents in the juice which drains from 
the silo. 

Where the requisite conditions for the making of good tower 
silage are realized, however, these losses are by no means excessive, 
certainly no larger than those which accompany the conversion 
of green crops into hay. With an oat and vetch crop containing 
about 70 per cent, of moisture, for example, acid brown silage can 
be made with a loss of food material equal to about 6 per cent, of 
the total dry matter in the crop. The loss entailed in the making 
of sweet silage in a tower silo is of the same order of magnitude. 
The production of green fruity silage leads to somewhat higher 
losses, namely, about 9 per cent, of the dry matter of the crop as 
ensiled. In this case, however, it is essential to cut the oats and 
vetches at a somewhat earlier stage of maturity, when the dry 
matter content may be from 23 to 26 per cent., and to ensile the 
crop without a period of wilting. A larger volume of juice, con- 
taining dissolved food material, drains away from the somewhat 
sappier crop required for this type of silage and the total losses are 
thereby enhanced. The superior nutritive qualities, however, 
largely compensate for this higher loss, the feeding values of green 
fruity and acid brown silage, lb. for lb. of dry matter, being roughly 
in the ratio 7:5. 

The losses of food nutrient during ensilage may be much higher 
than those stated above when crops which are wet and sappy, either 
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as a coDsequence of immaturity or from the inclusion of ram, are 
filled into the silo. In such cases, the losses from juice drainage are 
augmented considerably. For example, the ensiling of green 
maize, with a moisture content of 80-— 82 per cent., entails a loss 
of about 16 per cent of the dry substance pi the crop. In the case 
of sugar beet tops, containing from 86 to 88 per cent, of moisture, 
something like a quarter of the total dry matter is lost during the 
process of conservation. The losses may also be excessive when 
a too immature crop is ensiled with the resulting production of 
sour silage. Sufficient has been written in preceding sections to 
show that the, losses in making clamp and stack silage must of 
necessity be very much higher than those which occur in tower 
ensilage. 

The production of good tower silage with the minimum losses 
of food material may be assured when the dry matter content of 
the crop is about 30 per cent. If the crop is wetter than is 
represented by this figure, a period of wilting should be allowed 
after mowing to enable the fodder to attain a moisture content of 
about 70 per cent. In the case of the oat and vetch crop, for 
example, cutting at a moderately matured stage, followed by wilting 
for several hours, will yield fodder containing approximately this 
percentage of moisture. The silage from such material will be 
either of the sweet or the acid brown type, according to the tem- 
perature attained during the fermentation, the temperature in turn 
depending on the proc^ure adopted during the filling of the silo. 

Precautions When Filling Tower Silos. — It is important that 
attention should be directed to the following recommendations 
which have been issued recently by the Ministry of Agriculture and 
Fisheries in connection with the avoidance of mishaps during the 
filling of tower silos. 

(1) The crop should have reached the jn-oper stage of maturity 
and should not be too dry. With an immature crop, the extent 
and natm^ of the fermentation that will take place is uncertain ; 
an abnormal volume of carbon dioxide or possibly other dangerous 
gases may be generated. On the other hand, if the material is 
very dry, it will not tread down closely ; the additional air so 
retained would cause the evolution of a larger volume of carbon 
dioxide than usual. 

(2) The material that has been fed into the silo should be well 
trodden before work is closed down for the night, or for any 
considerable period during the day. The reason for this is that 
loosely-peicked material will retain more air and therefore give 
off a larger volume of carbon dioxide than material that has b^n 
well trodden. 

(3) No door should be sealed up, unless it is absolutely certain 
that the material will not sink below the level of the bottom of 
that door. 

(4) Before work is resumed, whether in the early morning 
or at any time during the day when work has been suspended for 
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any length of time, the lowest door possible should be opened. 
No one should be allowed to enter the silo until a reasonable time 
has elapsed after this has been done. 

(6) Where the silo is being filled by an elevator, as long an 
interval as possible should be allowed after the lowest door has 
been opened to allow any harmful gases to escape. When a blower 
is being used to fill the silo, this should be put on for a few minutes 
before anyone enters the silo, with the object of removing all the 
stagnant gases. 

The composition of the gases resulting from the fermentation 
of the crop varies according to the material used. In exceptional 
circumstances, some of these gases might be of an inflammable 
character (as, for example, when marsh gas arises from the activity 
of cellulose-splitting bacteria). It is, therefore, necessary to add 
a warning to farmers not to adopt the common method of ascertain- 
ing whether air is foul, namely, that of lowering a lighted candle ; 
for should any inflammable gases be present, an explosion might 
result. 

Note. — The reewler who wishes to pursue the subject beyond the limits 
of this chapter should consult “ Ensileige,** Bulletin No. 37, Ministry of 
Agriculture and Fisheries. 


HAYMAKING. 

Haymaking is the operation whereby grass and clover crops are 
converted into dry fodder. It includes the three processes of (1) 
Cutting ; (2) Making ; (3) Carrying. 

Cutting. — ^Meadow hay is essentially a straw crop, the object 
being to secure it before the grasses begin to ripen their grain — that 
is, before the nutrient ingredients in the stem have migrated 
upwards to aid in maturing the seed. Hence, hay should be cut at 
about the time the bulk of the grasses are coming into flower — 
that is, just before the pollen dust can be freely shaken from them. 
If cut later not only does the quality deteriorate but early seeding 
weeds such as yeUow rattle and soft brome grass tend to increase in 
quantity. 

The mowing machine is employed wherever practicable for 
cutting hay, though the scythe has still to be used in water meadows 
and on steep or rocky slopes. The introduction of the mowing 
machine has increased the risk lest too much grass be cut at one 
time for the available hands to deal with, so that this is a detail 
requiring attention. The labour of mowing with the scythe is very 
severe, and it brings into play nearly every muscle in the body. 
An experienced workman will mow from threequarters of an acre to 
two acres per day, according to the heaviness of the crop. The 
line or row of cut herbage as it falls upon the ground is called the 
swath. 

There is a notable difference in the mode of cutting by the 
scythe and by the mowing machine. The simpler implement effects 
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the clean cut of a knife. The machine, which works on the scissors 
principle, not only out§, but crushes or bruises at the same time. 
The cut of the 'scythe is regarded as being the less injurious to the 
standing plant, and some farmers always prefer the scythe for 
meadow hay. 

Making. — The conversion pf green grass into hay is effected by 
loss of moisture, which is brought about partly by the sun’s heat and 
partly by the wind. How great is this loss may be gathered from 
the circumstance that freshly-cut grass contains from 70 to 80 per 
cent, of water, whilst hay has only from 14 to 16 per cent. To 
promote the escape of water vapour it is necessary for the cut 
herbage to be turned over and shaken out, in order to expose as 
large a surface as possible to the air. At the same time, the work 
should be carried out in such a manner that, on the approach of 
rain, the material can be quickly gathered together, so as to expose 
the least possible surface to its action. Hence there is plenty of 
room for skill in the operation of haymaking. 

The grass falls from the mower in thick swaths, which, if left 
undisturbed, would at length rot inside. Therefore they must be 
tedded — i.e., shaken out or turned over in some way. This is done 
either by the hand-fork, or by means of a tedding machine, or a 
swath -turner. 

It must here be remembered that the methods of haymaking 
have undergone considerable changes of recent years. Formerly 
the grass was all cut with the scythe, and afterwards tedded out 
with the fork. The process of haymaking in these circumstances 
being entirely carried out by hand was tedious and expensive. 

The next step in advance followed on the introduction and 
development of labour-saving machinery, when the mowing 
machine, the horse-rake, and the '' tedder ” came into common use 
on the farm. 

More recently other implements have gradually been added to 
assist in the hayfield, so that we now have the “ swath- turner,” 

‘ side-dehvery rake,” “ hay-loader,” and “ sweep-rake,” together 
with the “ elevator ” and hay-fork, which can be used under suit- 
able conditions to minimize labour in saving the hay crop. 

A large portion of the hay crop is made in the southern portion 
of England in the ” swath ” by means of the swath -turner. When 
sufficiently dry the swaths can be run together by means of the 
side-dehvery rake into parallel rows across the field known as 
' wind-rows,” which can easily be split up into cocks when necessary 
as a protection from the weather ; or the hay can be loaded directly 
from the wind -row into the carts and waggons. During a wet 
summer, however, and when the crops of grass are heavy, the tedder 
will be found to be a machine that it is almost impossible to 
dispense with. 

The process of making meadow hay when the tedding machine 
is used may be described as follows. 

The crop, when ready, is cut with the mowing machine, the 
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grass being left in the swath, so that the water may evaporate from 
the surface. The next day it is tedded,” or spread out in a thin 
layer over the surface of the ground to dry. Sometimes when the 
grass is cut early in the morning, and the weather is line, the tedder 
is set to follow immediately after the mowing machine. The next 
operation is “ hacking,” or collecting the hay together into small 
wind-rows, which may be run together into small “ pooks ” or 
” cocks ” for the night. 

The following morning these are thrown out into beds as soon 
as the ground is dry, and the tedding machine may be again set to 
work along these beds, if necessary. 

The hay is then collected by means of the horse-rake into large 
wind-rows, which can be run up into large cocks for the night, or 
the hay can be carried direct from the rows as circumstances 
require. If put into large cocks, these should be turned over the 
next day as soon as the ground is dry, and if the weather is fine the 
hay should be fit to cart the same day. 

The foregoing instructions apply to a period of fine weather, 
and would occupy a period of some three days. When the weather 
is unsettled or catchy, however, the period for carrying out these 
various operations has to be considerably extended ; and it may be 
nece.ssary to continue the process of throwing the hay out into beds, 
and cocking it up again for several days in succession. 

If hay is carted before it is ready, it may cause serious trouble by 
overheating when put together in the stack. 

Carrying. — The hay is carted from the field to the stack in carts 
or waggons, the material being loaded on to these by hand. In 
some cases a machine of American origin, working on the elevator 
principle, and called a hay-loader, is used for picking up and putting 
the hay on to the carts, thereby making the process of haymaking 
less dependent on manual labour. 

Another labour-saving implement, also introduced from 
America, the use of which is gradually spreading, is the sweep-rake 
(p. 64). This machine, which consists of a large frame on wheels 
drawn by two horses or a tractor, is able to sweep up the hay out 
of the cock or wind-row and take it straight up to the rick, thus 
saving the expense of carting. Its use is restricted, however, to 
cases where the stack is built in the same field from whence the 
crop is taken. 

The time when hay is fit to carry and put into the stack will 
d(‘pend very largely on the bulk of the crop and the character of 
the herbage. When hay is composed of grasses of a somewhat dry 
and berity nature, it is not necessary to be so careful about its con- 
dition when carting as when dealing with a crop in which there is a 
large ])ercentage of bottom growth and clover. In this latter caae 
discretion must be used, as otherwise excessive heating, and in some 
eases s])ontaneous combustion maj'^ take place in the stack. 

In the dami^er climate of the north of England and Scotland 
the custom is to put the hay up into large cocks or “ summer ricks ” 
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in the field, containing half a load to a load, with the object of 
allowing the hay to dry more thoroughly and sweat to a certain 
extent before it is carted some weeks later to the large rick. This 
method also baa the advantage of saving time in securing the bay 
crop at a busy time of the year, the final carting and building into 
stacks being left till a favourable opportunity presents itself. 

The ordinary stacker, or elevator, will be found most useful for 
emptying the carts on to the stack, and will save a lot of manual 
labour in pitching, especially when the stack rises in height. The 
hay-fork worked by means of a pulley from a cross-piece attached 
to a long pole set in the ground, will also be found a valuable imple- 
ment when stacking hay, as it is able to raise a large part of a load 
from the cart on to the top of the stack at one lift. 

Care must be taken in building a stack that the middle is kept 
as high as possible, otherwise the roof will become too flat when 
the stack settles down, and the thatch will be unable to remove the 
water sufficiently rapidly. The walls should also be carried up in 
such a way that the eaves stand well out from the base, so that the 
drip from the roof may faU clear of the sides. 

General Haymaking Rules. — ^To obtain the best results attention 
must be paid to the following points in carrying out the process of 
haymaking. 

Throughout the entire operation the crop should be dealt with 
as gently as possible. Turning and shaking out are, of course, 
necessary to assist the process of drying, but rough handhng should 
be avoided. Grasses are covered with a delicate waterproof coating 
of waxy material, and when this is broken or injured water wdll 
soak into the stalks, and the quahty of the hay will be much damaged 
by the soluble ingredients being washed out. This loss is especially 
liable to take place when half-made and tedded hay is washed by 
rain. The proper time to cut is when the bulk of the grasses and 
clovers are coming into flower, and before they set their seed. In 
this connection it must be remembered that any loss of weight in 
the crop by early cutting will be gained in the aftermath. Much 
greater damage, however, will be done to hay by cutting and allow- 
ing it to be washed for days by rain than by allowing the grass to 
become somewhat old before cutting. 

In making clover hay great care must be taken to handle it as 
little as possible, and it must not be tedded, otherwise much loss 
may occur by breaking off the fine leaf. It is best, therefore, to let 
the crop remain a few days in the swath after it is cut to allow the 
upper surface to dry thoroughly, and then to gently turn it wdth 
the hand-rake or swath-tumer, so that the under surface may be 
exposed. After a time it may be turned back again, and then gently 
put together in rows — three or four swaths being put into one row 
— ^from which, when fit, it should be carted direct, and putting it 
up into cocks should be avoided, if possible. 

Lastly, it is a good rule to observe, and one of great importance 
now that, by means of the mowing machine, so much grass can be 



KKITIT CULTURE 


321 


cut in a day, that no more hay should be got on the ground than 
the staff at command can work. 

Sweating. — When put together in the rick certain chemical 
changes take place in the new hay which give rise to the production 
of heat and sweating. 

The amount of heat developed in a stack will often largely 
determine the quahty of the hay when it is cut out. The fermenta- 
tion which takes place in the stack is brought about by the starch 
in the glass being changed first into sugar, and then passing through 
the successive stages of alcohol, acetic aldehyde, and finally acetic 
acid. 

Overheating is due to an excessive development of a suffocating, 
inflammable gas known as acetic aldehyde, and where this occurs not 
only may the hay be charred and its qualities for feeding spoilt, but 
spontaneous combustion may even take place in the stack. 

A good sweating will often improve the subsequent quahty and 
palatability of hay of a somewhat coarse character when put 
together, but the fermentation should stop at the sugar stage ; and 
to obtain this the hay must be dry and in good condition when 
stacked. 

Tile temperature of the stack can be tested by means of a ther- 
mometer, and a good sweating can be safely allowed up to 140® F. 
Danger is to be expi cted, however, if the temperature rises abo\e 
150® r. Where this occurs it may be necessary to cut a hole in the 
stack to allow the ah' to enter, or even in some cases to turn the 
stack over again 


Cl 1 A PI ER XV. 

HARDY FRUIT ( ULTI RE AND MARKET GARDENING. 

Eok good or ill, the present generation finds itself fiving in an age 
of mass production ; an age when both the necessities of life and 
the luxuries of civilization tend to be produced cheaply and in vast 
(plant it V, standardized and available in continuous supply. This 
stat'* of affairs, v liich app(;ars to be an inevitable accompaniment 
of lairojiean and Amciicau civilization, in its present stages, is 
responsibh' botli fur the huiidn^ds of acres of glass-houses in the 
Lea Valley and fur the huge stretches of apple orchards in North 
America. 

Cereals and meat can be grown on mavss-production lines, but 
without a radical change in our agricultural methods and possibly 
in our climate, changes which are unlikely to take place, they cannot 
be grown on those lines in this country. 

On tlie other hand, turning to eoiiimodities which are not 
regarded as staple foods, such as fruit and vegetables, we find 
that mass production is possible ; is, indeed, actually in being 
in the case of app les, tomatoes and cucumbers. 
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There seems little doubt that, at present, fruit and vegetables 
oflFer a better chance of profit than agricultural crops. In these 
circumstances more and more farmers are considering the prac- 
ticability of growing fruit or of adding vegetables to their rotations. 
Either step should not be taken without careful consideration, and 
an attempt will be made in this section to present the case for 
fruit-growing, and in a subsequent section the ease for market- 
garden crops. 

Obviously in the small amount of space that is available full 
details of all the operations carried out in fruit growing cannot b(‘ 
given : whole books co\ild be written, and have been written, on 
pruning alone. But it will be possible to discuss bri(*fly the various 
problems of the fruit grower, to point out w^her(‘ detailed informa- 
tion is to be obtained, and to issue a few warnings against a too 
hasty plunge into what is by no means a sure and simple way of 
earning a living. 

Thene is to-day no room for the careless or irudUcient fruit 
grower. Confrontea by highly skilled competitors, lionie, colonial, 
and foreign, and by altered labour conditions, he cannot pick up a 
living with a minimum amount of effort as once he did. For a 
farmer the cliange-over to horticulture will involve the acquisition 
of a new technique. If he decides to grow fniit lie must also decide 
to grow it well, and growing good fruit is now a highly s])ecializcd 
industry, in addition to skill and ex])eri(‘nc(‘, (‘apital is needed, 
for a fruit grower is more highly capitalized than a fnrnuu’. It is 
well also to n^alize that growing good fruit is only half — ]>rohably 
h‘ss tijan half — the battle : oiu^ must know how to s(dl it. 

There are many factors to b(‘ consid(Ted and lU'glect of any one 
of them may quite easily mean failun*. Uaution is recjuired in 
choosing a location : a district may be very suitable for horti- 
cultural crops but it may be inaccessibh*. (h)od road and rail 
communications an* essential. 

A plentiful su]iply of water is n(ai(‘ssary. The sjiraying of fruit 
tr(‘es has now lieconu* a routiru* operation, and in order that it mav 
he eaiTi(‘d out ecHinomieally water should be at hand. Special 
buildings will jvrobably be rueded for storing and packing fruit. 

A hort ieulturist us(*s more labour than do(‘s a farmer. And this 
labour In of a sjxaaal t\T)e : not lU'cessarily more skilled than agri- 
cultural lal)oui’, but diff(‘r(‘nt, and therefore not always available. 

A gi<»w(‘r !nay hiive to tram his own labom- ; s})iaying, j)i-uning, 
jacking and |>acldng all <*s.s(‘ntial o]>erations do not come within 
the ])i-(»\inrc of th(‘ ngjiciiltnial labourer. 

A sp('ci;d warning is iKs cssary as to soil. A skilled horticulturist 
can grow fiiiit and \cgt‘tabl(‘s almo.-;t anywlua'e. Ibit it is not 
difficult to imagine certain eiieumstanec's in which liis crop may 
cost far more to ])r(aluce than it is wortli on the markc't. It is no 
use attempting, if one has an unsuitTiblc soil, to eom]>cte with men 
who are growing fiuit on soils which the (*xperienee of gen<*rations 
of growers has proved to be highly suitable for that purpo.se. 
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Again, a warning is needed as to climate. There are many parts 
of this country where it would be hopeless to attempt to grow 
liighly coloured dessert fruit ; and others where the occurrence of 
spring frosts almost rules out the profitable production of either 
apples, plums or pears. 

Finally, one must remember that horticultural produce is mostly 
of a highly perishable nature : much of it must be marketed at 
once, regardless of the state of the market. The demand fluctuates 
enormously, varying with the district and even with the weather. 

“ Gluts ” occur to complicate matters : when everybody has a 
good crop of Victoria plums — a crop which must be marketed at 
once — prices fall, often to such a low level that it is not worth while 
picking the crop. 

Against these warnings may be set a few facts of a more cheerful 
nature. Supplies of home-grown fruit are still inadequate. There 
is a market for good produce ready made by foreigners and colonials. 
A taste for fruit has been developed by cheap foreign produce, and 
this taste shows no signs of declining. In addition, jam factories 
offer an outlet for the disposal of fruit, and recently the voice of the 
canner has been heard clamouring for English fruit of high quality. 

Preliminary Considerations. — One of the chief things to consider 
before planting fruit is the question of the disposal of the crop 
Roughly, the markets available are of two types : (a) local markets 
and (b) distant markets, i.e., in London or large provincial towns. 
Type of market will dictate to a great extent the nature of the crop 
grown : obviously, for a distant market a bulk of a few well-known 
commercial varieties of fruit is desirable, whereas for a local trade 
it may be necessary to grow a wider range of varieties. The man 
with the large acreage is naturally concerned with the more 
imyjortant markets, while the man with a few acres will be wise 
to concentrate on some local outlet for his produce. 

Interwoven with the question of markets is the equally im- 
])ortant question of transport. A small grower supplying a neigh- 
bouring town will probably solve this problem without difficulty, 
but a large-scale grower who wishes to rush heavy consignments of 
perishable produce to distant parts of the country needs first-class 
transport facilities. 

A location suitable in every other respect for fruit growing will 
l)c useless if means of transport are lacking ; and on the other hand, 
districts with not specially suitable soils may be valuable because 
of the facilities they offer for rapid transport. 

Having settled in his own mind (he type of market he wishes to 
supply, and the method he is going to adopt to reach that market, 
the prospective grower can turn to the consideration of a rather 
formidable list of factors which he cannot afford to neglect. 

It is a fact not without significance that we have in this country 
certain specialist areas " where fruit or vegetable growers tend 
to congrt'gate. On investigation it usually turns out that these 
areas are situated on special types of soil which exj)erience has 
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shown will grow fruit or \^egetables successfully and with a fninimuni 
of trouble. It has been said that a successful horticulturist can 
grow fruit almost anywhere. But in order to make a living it is 
necessary to grow good fruit and to grow it as cheaply as possible. 

Hence a “ fruit-soil ’’ is one that is easily worked, well-aerated, 
well supplied with water, and with free natural drainage. It would, 
however, >)e unsafe to dogmatize on the subject of fruit-soils, since 
by a right choice of kinds and varieties of fruit and of methods of 
growing it, fruit-growing may be made profitable outside the 
specialist areas. There is not sufficient information available to 
enable definite recommendations to be given ; and to embark on 
fruit -growdng in a new district is therefore bound to involve a 
certain amount of r-sk. An agriculturist usually has behind him 
the accumulated experience of generations of farmers but, unless 
his land is actually in a fruit- or vegetable-growing area, his 
change-over to fruit should not take place without very careful 
consideration. 

Soil may be suitable and transport facilities ample, but there 
remains the important question of climate. There are certain 
places in the North of England where fruit of commercial quality 
can be grown siHcessfully, but it is significant that most of our 
fruit is grown south of Ijancashire and Yorkshire. High rainfall, 
lack of sunshine, late spring frosts, have played an important part 
in restricting suc( (‘ssful commercial fruit-growing to definite portions 
of this country. A high rainfall and a cool climate may be countered 
to some extent by cultural methods and choice of kinds and varieties 
of fiuit, but there is no jiractical way (d countering frosts when 
trees are in bloom. 

Kv(‘n in favoured parts of the (tountry “ frost-holes ‘ are found : 
depressions into which cold air drains and accumulates. Free air- 
drainage IS essential, and an orchard <*xposed to wind and weather 
is |)r(‘fia*ablc to one buried in an undrained hollow. 

It will be .seen that planting up fruit is not an adventure to be 
embarked on light!}'. Even if evcTv condition — soil, climate, trans 
port facilities appears favourable, it is well to remember that then* 
are few English \illages and towns whf‘re American, colonial or 
contint i i ll fruit is not in competition with home-grown produce. 

It IS a A illatre shop that cannot supply a pound of “ Jonathans.” 

Kinds and Varieties of Fruit. — ( omnuTcial fruit is divided into 
” top ” and ■ soft .” Ap})ics, pears, plums and cherries are “ top 
fruit , biaclv euirants, raspberries, goos(d)errie.s and strawberries are 
classed as soft ” fruit . 

In cons !(!( ling thr question of varieties the beginner must get 
rid of tlu' idra that wliat he ])rtJers is likely to he what the salesmen 
and rVdaib rs ])refcr In his own garden it is quite probable that 
Worcester iVarmaiu, coarse* and wooden in tt^xture, poor in 
flavour, is not considered worthy of a place ; and that Irish 
Peach supplants the soft and showy Mi*. (Gladstone. But let 
him not tliink that he can impose his personal taste on the market. 
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Wooden though it he, Worcester is wanted, and in quantity, and 
it would be courting disaster to plant up Irish Peach in the hope 
of ousting Gladstone from the salesman’s affections. 

Whether we like it or not, modern business methods involving 
mass production, standardization and continuity of su])ply must 
now be applied to fruit-growing. And the application of these 
methods has the effect of rig(uo\i.sly cutting down the number of 
varieties grown. From the hundreds of varieties of apple in 
existence in this country, many of which are of really first-class 
quality, a mere handful stand the test of commercial conditions. 

Turning to the question C)f what kinds of fruit to grow, anc 
excluding the luxury trade and special lines, it is probable that at the 
present moment apples, plums and strawberries would offer the 
farmer the nearest approach to a sure and certain leward for his 
efforts, and would involve him in a minimum of t(‘chnical difficulty. 
Cherries and pt'ars need special soils and climatic conditions ; black 
currants and rasjiberries, once very profitable crops, have lately 
become less safe ; gooseberries are only worth atUunpling in a 
early warm district for the green berry trade. If should be remem- 
bered, however, that circumstances may be such that it would ])ay 
a beginner to leave the beaten path and tal.e up some special line 
or lines. He may be favourably situated with respect to s(hl and 
climate ; or he may be next door to a market, say in some seaside 
resort, which is waiting to be exploited. 

Apples. — In a short article it would h(‘ impossible to describe 
fully the different commercial vari(‘ties. For such descriptions the 
reader must be referred to the pomological works included in the 
bibliography at the end of this chapter. 

The list of (commercial varieties which have proved suitable for 
modern conditions and which are known to salesmen and retailers 
throughout the country is a short one. 

V AHIETIES FOR CoOKING. 

Emiietli Karly (Early Victoria). Lane’s Priuco Albert. 

Stirling Castle. Newton Wonder. 

Grenadier. Bramley’s Seedling. 

l..ord Derby. 

Varieties for Dessert. 

Beauty ot Bath. Worcester Pearmain. 

Mr. Gladstone. Allmgton Pippin. 

Devonshire Quari’iniden. 

This list of dessert varieties can be extended by the addition of 
James (irieve, Charles Ross and Cox’s Orange Pippin. These 
varieties, however, require special care in culture and presentation, 
and it is useless to attempt them unless this fact is realized. 
Unless suitable soil and climate are available, Cox’s Orange Pippin 
should not be planted by a beginner in fruit-growing. And, it may 
be added, no beginner should dream of planting any fruit without 
first utilizing every possible source of advice, not excluding that of 
the labourer who has spent a life-time working on the land. 
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Plums. — The Jist of plums suitable for mass production is even 
more restricted than that of apples. None is of dessert quality : 
they are simply varieties which have proved suitable for market 
conditions and that is the best that can be said about them. 

Czar. Victoria. 

Purple Pershore. Monarch. 

Of aU market plums Victoria is probably the best known and 
most popular. When well grown and fully ripe it is quite edible in 
the uncooked state. Fully ripe Victorias, or rather, Victorias 
which have ripened on the tree, are, however, not obtainable on 
the market since plums for market must be picked before they are 
ripe. 

To this list might be added River’s Early Prolific Early 
Rivers ”), Yellow Egg (or Pershore), Pond’s Seedling, and Belle de 
Louvain. River’s Early Prolific is the earliest and most profitable 
market plum ; it is, however, self-sterile (Ee., requires to be 
pollinated by another variety of plum), and has the reputation of 
being an erratic cropper. Yellow Egg, a cheap inedible fruit only 
suitable for jam, is a very heavy cropper and when plums are scarce 
may be profitable. It is self-fertile (i.e., will fruit freely when 
fertilized with its own pollen). 

In some districts, Pond’s Seedling and Belle de Louvain succeed, 
and may therefore be worth planting. 

It is, of course, hardly necessary to add that if the grower is 
catering for some local market it will pay him to extena his list by 
the inclusion of varieties which do well in his district and which fill 
in gaps in the supply of standard varieties. Continuity of supply is 
of supreme importance when a local trade has been built up, and it is 
as well to have several strings to one’s bow so that in the event of 
the croj) failing in the case of certain sorts there may be a chance of 
a return from others, hence one sees on the market such ])lumH as 
Black Diamond, Coe’s Late Red, Prince of Wales, Cbx’s Emperor, 
Kentish Bush, Red Myrobalan and Green Gage. 

Ip districts where they succeed. Green Gages (picked when un- 
ripe) are profitable. They should not be planted in districts where 
low temperatures are the rule at blossoming time. 

Pears. — At present^^ late autumn or early winter pears have 
ceased to be really profitable on account of heavy importations 
from America and South Africa. If he is in a warm district (for it 
is useless to plant pears for market where climatic conditions are 
such that only in one year out of five pear blossom escapes being 
frozen), the beginner should concentrate his attention on earlv 
pears which will be on the market before the carefully packed and 
graded consignments begin to pour in from abroad. 

Again the list of suitable varieties is a short one. Known to 
every salesman are the following : — 


Dr. Jules Guyot. 
William’s Bon Chretien; 


Fertility. 

Cont’erenco. 
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During th(‘ course f)f generations certain varieties of fruit have 
iin pressed their names on the public mind. ()n(^ of those names is 
the “ William ” pear ; hence an effort should be mad?, if pears are 
grown at all, to include* William’s Bon Chretien in the list of varieties. 
An effort is required for, although this is an early pear of high 
(piality and a good grower, it is a martyr to the disease known as 
“ Pear Scab.” This disease is, however, controllable by modern 
spraying methods. Dr. Jules Guyot, though much inferior in 
quality, is ])ra(^tically scab-proof. 

Both Fertility and Conference are pears suitable for mass 
production. Fertility is (as its name suggests) a really good cropper 
hut is of poor cpiality : not admissible to the private garden, but 
indispensable to the market grower. Conference, of better quality 
and resistant to the attack of seal), is another of the varieties that 
a beginner in ])ear growing w'ill find to be indispensable. 

'J’iien* is, n(H*dlcss to say, a long list of high quality pears which 
ar(‘ mostly found in ])rivate gardens and, as a rtile, on walls. Of 
these., Doyenne du (lornice, wdiich in quality corresponds to Cox’s 
Orange Pip])in among apf)l(*s, is only worth attempting in warm 
})Ositions and suitable soils. This pear is as well known on the 
markets as Cox’s Orange and fet(dies high prices (when properly 
presented and well grown), but the rest of the* list should be ignored 
by all save specialists. 

There is a class of poor (piality early pi*ars. including such 
varieti(^s as Lammas and (Falk, which sell well in seaside towns 
during the season ; but th(*y should not be planted unless a 
certain local sak* is assured, for it w'ould be useless to send them to 
more soph sticated rnarkf^ts. 

Root Stocks and Propagation. — The varieties of cultivated fruits 
wit h which tlic fruit grower is concerned an* not simple in genetic 
constitution. A Victoria plum, when its flowers are fertilized with 
th(*ir own pollen, pr(jduees seeds which give rise to trees unlike their 
])ari‘nt : tliey are not Victoria plums and indeed may not bear the 
sliglitest r(‘semblan(ie to that variety. Obviously, in the case of 
varieties which an* not fertile with their own pollen but require 
pollen from anothci- v aiict v to enable them to set fruit, the results 
of s(‘e(l sowing is to |)rodu(‘e varieties widely divergent in character 
from their parents. But for commercial fruit-growing a small number 
of definit(‘> \ arictit's is needed, hene.e sowing the seeds of cultivated 
fruits is rul(*d out as a metliod of piopagation. To obtain atn 
orchard of Worcester Pearmai i trees it is necessary to adopt the 
metliod of veg(*tative propagati in ; that is to say, portions of the 
original variety an* removed in the form of buds or branches and 
iudueiMi to develop into complete trees. And it should be realized 
that although an apjile such as Cox’s Orange Pippin is grown by the 
thousand in England, Australia and America, all these thousands 
of trees must be regarded as parts of one individual : for only one 
Cox’s Orange Pippin has ever made its appearance on this planet. 

This is not the place for a treatise on the technique of 
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propagating fruit trees by the metiiods of l)U(l(ling and grafting, 
nor are tnese operations best carried out by the beginner ; the 
reader is therefore referred to the bibliography at the end of this 
chapter for sources of information on these subjects. 

Although a fruit grower generally relu‘s on a nurseryman for 
obtaining his trees, it is necessary for him to know something about 
tlie question of root stocks. 

It has been said that in order to propagate, say, Worcester 
Pearmain, portions of the original tree are l emoved and induct d to 
develop into separate trees. I'hese portions of the original tree are 
not made to form roots of their own but are liudded or grafted on 
another fruit tree having already a developed root system. This 
individual is called a “ stock.” 

It would be highly improbable that this stock should have a 
type of root system even approximating to that of the original 
Worcester Pearmain tree ; and it would therefore be too much to 
expect that Worcester Pearmain, now furnished with a root system 
appropriate for a different type of apple, should biliave as tliough 
it was on its own roots. 

We are, therefore, brought up against the problem of the 
influence of the stock on the “ scion ” (t e., the bud or graft taken 
from the original tree). As i.o the question of the influence of the 
Scion on the root not much is known at present, and this question 
may be safely ignored. That the behaviour of the scion is definitely 
influen(^ed by the nature of the root system with which it is joined 
is now well knov/n. iiiid this fact is of very great importance to the 
fruit grower. 

A stock may influence a scion in the following directions : — 
size of tree, precocity and colour of fruit. The stocks themselves 
may vary in size and strength of root system, and therefore in their 
power of anchoring a tree to the soil. It is not desirable that the 
trees of Worcester Pearmains in an orchard should be of different 
sizes, some no bigger than currant bushes and others with a spread 
of twenty feet ; nor, for mass production, should they vary in 
time of ripening. Clearly then, in addition to standardized scions 
we need standardized stocks. And standardized stocks are 
obtained by the method of vegetative propagation : in this case by 
means of layering, stooling, cuttings, or root- cuttings. 

The chief point for the grower to realize is, that by means of a 
right choice of root stock, he can, in normal conditions, have either 
a plantation of dwarf apples of a given variety spaced nine feet 
apart, or one of large trees needing twenty or more feet between 
them . 

For practical purposes it is only necessary to consider three 
types of vegetatively propagated stocks. 

(a) Very dwarfing stocks . — In this class only one type is of im- 
portance : Jaune de Metz (Type IX. of the East Mailing 
Research Station, where the greater part of recent research 
on stocks has been carried out). 
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(/>) Semi’dwarfing stocks. — Here, again, the practical man need 
only consider one type : the Doucin (Type II. of the Mailing 
classification). 

(c) Vigorous stocks suitable for producing large well-rooted 
trees. Two promising types (numbered XIII. and XVI.) have 
been isolated and are being propagated and tested at East 
Mailing. 

In the case of (a) and (6) the behaviour of trees has been under 
observation for at least sixty years, and results can be predicted 
with some confidence. Class (c), however, is under trial. The 
research workers who have selected these stocks will not live to see 
the behaviour of mature trees worked on them : fifty years hence 
it may be known whether their choice was justified or not. 

Type IX. may be considered a specialist’s stock. Trees on IX. 
bear early and heavily, make very little wood, have a feeble anchor- 
age in the soil and produce high quality fruit. It is a specialist’s 
stock in that trees on it need attention to such points as pruning, 
feeding, thinning of the crop and staking. On the other hand, 
nobody should be deterred from planting trees on IX. by these 
considerations, for returns from them (provided conditions are 
favourable) are very high. A point which should not be overlooked 
in connection with this stock is its power of accelerating the ripening 
of certain varieties by about ten days or so. One of these varieties 
is Beauty of Bath ; this is already an early variety, and the extra 
earliness conferred by Type IX. greatly enhances the value of the 
crop. 

Type II. is used when permanent “ bush ” (i.e., short-stemmed) 
apple trees are required, and, like Type IX., is chiefly of value for 
dessert varieties when quality rather than quantity is the end in 
view. As in the case of trees on IX., trees on this stock will need 
pruning, spraying, cultivation and feeding, if good results are to be 
obtained. It is unlikely that a neglected plantation of trees on 
Type II. would give results worth having. 

Little can be said safely as to the future of trees on Types XIII. 
and XVI., and in view of this fact, when strong growing varieties 
are to be planted and large trees are required, the old practice of 
using seedling or “ crab ” stocks must be given consideration. It 
has been said that owing to the fact that every seedling apple is a 
separate and distinct individual, scions of any one variety of apple 
worked on a collection of seedling stocks cannot be expected to 
behave in a uniform manner : some stocks may have a dwarfing 
effect on the scion, while others may produce very vigorous trees. 
This disadvantage is overcome to a large extent in actual practice 
by selecting the more' vigorous young trees after they have reached 
the age of at least three years. For generations this practice has 
proved successful, and the uniformity of orchards budded on seed- 
ling stocks is often a source of surprise to pomologists who are 
familiar with the diversity of types encountered in a batch of 
seedlings. In addition, recent researcli seems to indicate that 
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after the lapse of years the scion may gain ascendancy over the 
stock. 

Where large, vigorous trees are required, and where trees are 
required for heavy soils that are penetrated with difficulty by the 
fibrous root systems of vegetatively propagated stocks, it is probable 
that seedling stocks will continue to be used until the value of 
Types XI 11. and XVI. have been demonstrated. 

In the case of plums both vegetatively propagated and seedling 
stocks are used commercially, though certain varieties (such as 
Yellow Egg and the Cambridgeshire Green Gages) are grown on 
their own roots. No stock having a dwarfing effect comparable to 
that of Jaune de Metz is used commercially. Moreover, since all 
the more popular market varieties of plums are only fit for cooking, 
bulk rather than a small quantity of highly finished fruit is naturally 
the aim of the grower, and dwaiffing stocks arc therefore not needed 
by him. 

The effect of stock on scion is not manifested in so spectacular a 
manner as in the case of apples. Myrobalan stocks give large, soft- 
wooded trees, late in coming into bearing, susceptible to Silver- 
Leaf attack, suitable for poor soils, and eminently suitable for 
nurserymen who require in a minimum of time large saleable trees. 
Trees on the Common Plum stock are smaller and harder- wooded 
than those on myrobalan ; they are said to be less susceptible to 
Silver-Leaf disease and come into bearing earlier. The Mussel 
and St. Julien stocks also appear to exercise a slight dwarfing 
effect. 

A point to be borne in mind is, that not all stocks are suitable 
for certain plums ; Czar, for instance, will not grow on Common 
Plum or Brussels stocks, nor will damsons. 

The grower should not merely order plum trees from a nursery- 
man hut should take into consideration the questions of variety, 
soil and water conditions, and then (after receiving advice from an 
expert) should specify the stock on whi(;h he requires his ])luma to 
be worked. This proviso, of course, applies equally well to the 
purchase of apple or pear trees. 

For pear trees, in modern commercial conditions, only one 
stock is needed : the Quince. Formerly, when standard or half- 
standard pears were planted, and when the planter was prepared to 
wait fifteen years or more for a crop of fruit, seedling pear stocks 
were used, and what has been said about the disadvantages of 
seedling apple stocks applies with equal force to pears. 

The quince stock is a dwarfing stock, and trees worked on it are 
not only much smaller than those worked on Free or seedling 
stocks, but come into bearing more rapidly ; moreover, their fruit 
is more highly coloured. The term “ quince stock ” is an inclusive 
one, and it has been found at East Mailing that not all quince stocks 
are desirable. Mailing Type A (the Angers quince) is probably the 
most suitable, and purchasers of pear trees should specify this 
stock when ordering their material. 
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Planting. — Having selected his soil and site, and having chosen 
his kinds and varieties of top fruit, the grower can pass on to the 
actual planting up of liis ground. 

In text- books prominence is often given to such preparatory 
operations as draining, hming, sub-soiling and clearing. It is 
possible, of course, to grow fruit on land that is in need of drainage, 
but such land is not fruit land. To avoid expense and the not 
remote possibihty of ultimate complete or partial failure, it is 
advisable to choose for fruit land which is not in need of drainage. 
As for sub-soiling, if centuries of shallow ploughing have left a 
“ pan it will be well to break this up ; but if there is merely a 
thin skin of cultivable soil lying on an unkind sub-soil, no amount 
of sub-soihng will make fruit trees feel at home. A good depth of 
well aerated soil is necessary for success. There is no experimental 
evidence to show that liming is necessary for top fruit ; and if the 
soil texture is so bad that lime is needed to ameliorate it, such soil 
is not suitable for high-class fruit-growing. 

In short, before planting fruit, we should make certain that the 
soil is deep, well-aerated, naturally drained, and free from trouble- 
some perennial weeds. Land which needs expensive cultural 
operations to fit it for fruit should be avoided. 

If his selected location is in an exposed district, the far-seeing 
grower will have planted, several years in advance, a wind-break to 
protect his young trees, but in actual practice wind-breaks, other 
than ordinary farm hedges, are seldom seen. A very important point, 
however, is the protectiorr of young trees from rabbits and hares, 
and there are few districts where a rabbit- proof fence is not needed 

At this })oint a sentence from “ Modern Fruit Growing,” by 
W. P. Seabrook, may be quoted with effect : ” Mass production of 
a large bulk of few varieties at the lowest possible cost and of the 
highest possible grade must be the aim of every intending planter.” 
To achieve this result it is clear that a great deal of forethought and 
prehmiiiary planning is needed. The questions of soil, climate, 
location and varieties have already been considered ; there remain 
for consideration such points as size and shape of trees, their arrange- 
ment and distance apart. The orchard when planted should be 
susceptible of easy cultivation and, if possible, of tractor cultiva- 
tion ; and its trees should be chosen and arranged so that inter- 
polhnation can easily take jdace (for although certain varieties will 
set fruit when self -pollinated, it is generally agreed that they prefer 
pollen from another variety). These points will dictate the actual 
lay-out of the plantation. 

First needing consideration is the question of size and shape of 
tree. Goinmercially , three types are mostly used ; (1) “ Bush ” 
trees with short stems, and branches commencing at a height of 
from two to three feet abov^e ground level ; (2) ‘‘ Half-Standard ” 
trees liaving a stem free from branches to a height of about four 
feet six inches ; (3) ‘‘ Standard ” trees with a clean stem about 
six feet high. 
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When high quality truit is desired the bush tree is almost uni- 
versally adopted not only in this country but abroad. Obviously, 
these trees on half- dwarfing stocks are more easily managed than 
standard trees which may require to be spaced at forty feet apart. 
The operations of pruning, spraying, thinning and picking present 
a minimum of difficulty. 

The half-standard type of tree is chiefly adoptc^d for plums, and 
particularly for those weak-wooded, heavy -cropping varieties (such 
as Victoria or Purple Pershore) which, after a few years of fruiting, 
take on a “ weeping ” habit of growth. If it is adopted for apples 
the grower must remember that the larger the tree the more difficult 
and expensive become the numerous operations needed to check 
the ravages of pests and diseases. 

Standard trees of strong-growing apples are used for grass 
orchards, or for plantations where vegetables or other low-growing 
crops are of importance. But they are in the highest degree 
unmanageable, and though producing heavy crops when mature, 
these crops are usually composed chiefly of ktw-grade fruit. 

The “ Cordon ” type of tree, a single stem at an angle of 45° to 
the ground, supported by a stake or trained to wires, is only used 
for the production of the highest grade dessert fruit, and a planta- 
tion of cordons requires expert management if it is to be successful. 

Pears are nowadays grown as bushes and on quince stock. 
Cherries of the so-called “ sweet ” varieti(\s are grown commercially 
as standards in grass orchards. They are worth consideration if 
soil and locahty are known to be suitable. 

Formerly, when hand labour was chea}). various methods of 
ananging trees which practically precluded the effective use of 
horses or tractors were in vogue. An instance of this is the 
‘‘ triangular plant ” (Fig. 54). 

Nowadays all orchards are planted on the square system. This 
not only facilitates cultivations but, m the event of trees reaching 
a larger size than was anticipated, enables thinning to be carried 
out effectively, whereas a triangular plant cannot be thinned 

satisfactorily. 

The distance u t at which trees should be planted is dictated 
by various consideratiop.s. Not all varieties of apple are of equal 
vigour : the difference between trees of CV>x’s Orange Pippin and 
Bramley’s Seedling worked on the same type of stock is a very 
wide one. Similarly, varieties of fruit trees vary in what is known 
as “ habit of growtli ” : some adopt an “ upright ” mode of growth 
in their youth, while others are " spreading.” Choice of stock will 
also influence distance of planting : bush trees of Bramley’s Seed- 
ling on Type 11. may, on a particular soil, be planted twenty feet 
apart, but standards of the same variety on seedling (or ” Crab ”) 
stocks may need thirty feet or more. 

The question of pollination is of great importance. It would, 
for instance, be a disastrous experiment to plant up a block of several 
acres of Pond’s Seedling plums. Such an orchard w^ould produce 
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annually a plentiful supply of wood but next to no fruit, for the 
reason that Pond's Seedling is self -sterile and will therefore fail to 
set fruit unless its flowers receive pollen from another variety. 
Some varieties are only “ partially self -fertile,” and here again the 
best results are obtained when pollen from other varieties is avail- 
able. In planning out an orchard of no matter what kind and 


t X 

X I T 



t-f I ' -i-'i 

lit 


i _i i 

* T 

Si ! '-i 

l-'ii : •••I''' : 

• T .y 

’ji/ 

i i i 

: i ■ ‘ 

i ' 

t-'" : ; 

1 

- 1 


bin. 54 -Arrancjkmknt of Orch.ard, .showing trees planted in equilateral 
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variety of top fruit, this (piestion of pollination must be given 
consideration. When sweet ehernes are planted a mixture of 
varieties is essential ; all the swecT cherries grown commercially are 
self-sterile and, moreover, have * ]K>Ilen preferences ” : that is to 
.say, it is not enough that tliey sliould leceive pollen from another 
variety, they must receive it from a particular variety. 

A good deal of research has ]>een carried out on the subject of 
the pollination of fruit tre<‘s, and sufficient information is now 
available to enable tbf‘ nK»deni grower to avoid the mistakes made 
by his predecessors. 

As to the transferenc(‘ of pollen from one variety to another : 
this is effected by insects, the hive- bee being the most valuable 
agent. Unfortunately, the modern hive-bee does not stir abroad 
in cold weather and in some seasons acres of plum trees may be 
seen in bloom with not a bf‘e to fertilize their flowers. It would be 
well worth while for the KngUsh grower to imitate his American 
rival and instal colonies of bees in his orchards, for even in cold 
weather there may be an hour or two during which bees are able to 
work. Wind may be disregarded as a pollinating agent, and at the 
time when pears and plums are in blossom Hies and humble-bees 
are too scarce to be of real a.S8istance. 

Fruit trees intended to form a permanent plantation do not, of 
course, come into bearing at once : indeed, early cropping would 
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be detrimental since it slows down growth, thus rendering the attain- 
ment of a full-sized tree an impossibility. Meanwhile, since fruit- 
soil is usually expensive to rent or purchase, a grower cannot afford 
to allow the space between his young trees to remain idle, hence it 
is customary, while the permanent trees are growing, to fill in the 
unoccupied spaces with vegetables, strawberries, black currants or 
fruit trees on dwarfing stocks. The greatest care should be taken 
that none of these crops used for filling in be allowed to remain long 
enough to interfere with the permanent trees. This caution applies 
chiefly to the fruit trees used as “ fillers : if these are not on 
dwarfing stocks or, alternatively, of weak and fertile habit (like 
Fertility pear or Victoria plum), there is a danger that they may 
only reach the profitable part of their fife when they are due for 
removal. 

The actual details of planting, not a formidable operation, are 
easily obtainable from any reputable text- book. 

Cultivations. — An enormous amount of money was formerly 
spent on keeping the ground clean in fruit plantations by means of 
hand labour. Post-war conditions and the necessity for mass 
production have driven growers to dispense, wherever possible, with 
human muscles and to employ horse or tractor labour. Fruit trees, 
in their natural state, are not found growing on bare ground : like 
every other living thing, they have competitors in the battle of life. 
Weeds, so much hated by the vegetable grower (and with reason), 
are not as detrimental to the health of fruit trees as was formerly 
imagined : indeed, it is now realized that a crop of weeds at the 
right time may have a valuable influence on the colouring, ripening 
and keeping quality of apples. On the other hand, it must be 
remembered that during the first five or six years in the life of a 
plantation every effort should be made to help the trees to grow, 
and that competitors for food material and water, such as weeds, 
are not desirable. Intercrops ought, therefore, to be so arranged 
that cultivation can be carried out as easily and cheaply as possible. 

It has been said that in the later life of a plantation weeds in 
certain circumstances may exercise a beneficial effect on the crop. 
In order to simplify cultivation, and especially when tractors are 
used, grass and weeds may be left in the tree rows throughout the 
year, being cut down only to prevent their seeding. And on certain 
soils, especially in a wet season, all cultivations may cease in August. 
In practice this has been found to improve the colour of apples and 
to (Iieck the production of rank, unripened wood. 

This practice, which has been proved to be effective, is, never- 
theless, contrary to all the canons of fruit growing, and most 
growers still strive to keep their plantations as clear as possible. 

Manuring. — As in the case of othe^r horticultural ope^rations 
there is no rule of thumb, applicable to all soils and circumstances, 
for the manuring of fruit trees. A good deal of information con- 
cerning local manuring practices is accessible, but these practices 
are obviously not of universal application. Research has also been 
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earned out on more or less scientific lines, but so far the results of 
experiments in the field have been chiefly negative. Nevertheless, 
general principles are being discovered. 

The thrt‘e chief elements needed by fruit trees are nitrogen, 
potassium and phosphorus. Nitrogen (a) deepens the green colour 
of the foliage and increases its size ; (b) increases the amount of 
growth made ; (r) delays leaf -fall ; (d) is necessary for fruit-bud 
formation ; (e) improves the setting of blossoms ; (jf) increases th(‘ 
size of fruit ; but in excess (g) delays ripening, and (h) prevents tlie 
attainment of high colour. 

Phosphorus is considered to be essential for the development of 
roots and for the formation of blossom- buds ; and unless adequaU' 
available potash is present in the soil, extra applications of nitrogen 
are useless : a ‘‘ balance of nitrogen, potassium and })hosphorus 
is needed. 

It is supposed that all fruit soils are adequately supplied with 
phosphorus, though whether this is always available to the trees is 
not known. Nor is it known whether extra phosphorus is needed 
when the trees are manured with nitrogen and potash. The general 
opinion is, that occasional dres.sings of phosphorus in the form of 
superphos])hate are beneficial. 

In the case of potassium it is definitely known that although 
good fruit-soils contain this element, trees, as they gain age and 
reach the fruiting stage, begin to suffer from the lack of it ; and 
there are probably few bearing orchards which would not benefit 
from the application of at least a hundredweight of sulphate of 
potash per acre annually. 

Large sums of money have been spent on manuring fruit trees 
but it is not really known whether results have justified this 
expenditure, moreover, most systems of manuring are not based on 
scientific data. In certain conditions (as at Woburn) manuring 
with “ artificials,” or with dung, or with both, may give no results 
whatever. Nitrogen is the only chemical which has been definitely 
shown to affect the character of fruit and dressings of quick acting 
nitrogenous manures (such as nitrate of so<ia) generally give marked 
results in improved growth and cropping when trees are in poor 
condition or growing in grass orchards. 

Obviously, before spending money on manuring, it is desirable 
to study the behaviour of one’s trees. The following points should 
be noted ; (a) amount of growth made annually ; (b) colour and 
size of leaves ; (c) colour and size of fruit ; {d) set of fruit : (c) 
amount of blossom. 

Poor annual growth may be an indication of nitrogen starvation 
or of water shortage. Similarly with yellowish or pale green leaves. 
Small fruits, very highly coloured, are again usually an indication 
of lack of nitrogen or of water shortage. Delay in coming into bear- 
ing may be the result of too much nitrogen, too much water, or 
excessive pruning. * 

To be on the safe side the grower would be wise to insure himself 
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against trouble by annual dressings of potash and phosphate, and 
to apply rapidly available nitrogen as soon as he sees any of the 
danger signs pointed out above. 

There is another method of manuring which is likely to be more 
widely adopted in this country, a method which, in addition to 
keeping up the fertility of the soil, has also the advantage of 
increasing its humus content and therefore its water-holding capacity ; 
this is the method of “ green manuring.” Under this system a 
crop such as mustard, quick in growth and affording a large bulk of 
green material, is sown between the rows of trees, allowed to reach 
a certain stage of growth, and then buried by the plough. 

It will be observed that mustard sown in July will perform the 
same function as a crop of weeds : that is to say, by withdrawing 
water and food material from the ground it checks the growth of 
the trees and helps to colour the fruit (in the case of apples) ; finally, 
when ploughed in, it becomes itself food for the trees. Naturally, 
this method must be used with discretion. If soil conditions are 
such that growth normally slows down in the autumn and fruit 
colours well, in other words, if the soil is already on the dry side, a 
heavy crop of water-absorbing plants is not desirable among the trees. 
In such conditions clean cultivation is preferable, since this helps 
to prevent evaporation of water from the soil. 

Not much information is available as to the practice of green 
manuring, but a grower by the study of his own conditions will be 
able to evolve a system for himself which may take the form of 
mustard or rape for ploughing in during the autumn, or crimson 
clover for ploughing in in the spring, though these suggestions by no 
means exhaust the possibilities of green manuring. A leguminous 
crop, of course, makes a much larger contribution to soil fertilitv 
than a Brassica crop such as mustard. 

Pruning. — In the course of a few paragraphs it would be utterl} 
impossible to describe the whole art of pruning fruit trees. Like 
every other horticultural operation, priming cannot be reduced to 
rule of thumb methods, though many attempts have been made to 
do this. Trees being living things with individualities of their own, 
extremely sensitive to soil, water and climatic conditions, clearly 
cannot be expected to react always in the same way to cultural 
operations. Once more the grower will find himself, when con 
fronted by trees which he wishes to prune, compelled to call on his 
reserve stores of common sense, judgment and experience. It is 
quite easy, by means of faulty methods of pruning, to postpone 
almost indefinitely aU chances of a paying crop of fruit ; on the 
other hand, by no pruning at aU, one may obtain with equal ease 
heavy crops of low-grade fruit at a time when the trees should be 
giving their best results. 

A fruit grower requires from his trees a maximum quantity of 
high-grade (ruit, and in order to achieve this object experience has 
shown that a tree possessing certain characteristics is necessary. 
The tree should be so shaped that air and sunlight have free access 
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to every part of it ; a mass of tangled branches shading one another 
and producing small, uncoloured fruit is clearly not desirable. The 
branches should be well spaced and well balanced, and the shape of 
the tree should be such that tillage and spraying operations are 
facilitated, and that the thinning and harvesting of the crop can be 
easily and rapidly carried out. The scaffolding or framework of 
the tree should be strong so that in future years it can resist high 
winds and support its crop without bending or breaking. 

Every variety of fruit tree, if left uiipruned, has its own char- 
acteristic habit of growth : some are low and spreading, others tall 
and almost cypress-like. In few cases, how'ever, does their natural 
habit even approximate to the shape desired by the grower. This 
desirable shape is that of a rather cup or bowl-shaped tree with an 
open centre : a shape which no fruit tree adopts of its own accord. 

Before passing to the means by which this shape, or a modifica- 
tion of it, is obtained, it is desirable to state a few fundamental 
principles. In the first place, using non-scientific language, there 
appears to be a “ balance ” between the root system and the shoot 
system of the tree : if this balance is upset the tree hastens to 
redress it. That is to say, if part of the shoot system is removed 
fresh shoots are made ; and if part of the root system is removed 
shoot growth slows do%vn until a balance is attained again. Left 
unpruned the tree continues until it reaches a bearing age, when 
it commences to form blossom buds. But if its balance is upset 
every year by the removal of large quantities of its shoot system, 
the energies which would normally be directed to blossom formation 
are diverted into wood production and cropping may be postponed 
for many years. On the other hand, if its balance is continually 
upset by the death or removal of parts of its root system, it will 
almost cease making fresh shoot growths and (providing that the 
balance is not seriously upset) will rapidl}^ reach the fruiting stage. 

The application of this })rinciple of the balance of root and 
shoot is seen wherever trees are correctly pruned. The case of a 
young tree intended for a permanent plantation may be considered. 
Left to itself and when once established this might easily make 
extension growth at the rate of two or three feet annually, and 
would in a few years have a framework of wand-like branches many 
feet in length. But such a framework is useless for commercial 
work : a short, sturdy scaffolding is required to support the future 
branch system of the tree. Annually, therefore, branches required 
for the scaffolding are shortened and the balance between root and 
shoot is upset. The portion of the branch retained thickens and 
sends out fresh shoots to redress the balance ; selected shoots are 
again shortened, and ultimately a sturdy framework for the future 
tree is obtained. 

Similarly with the operation known as spur-pruning, which is 
carried out on what is known as the fruiting branches (as distinct 
from the framework) of apple trees. On a shoot of an apple tree 
blossom buds are usually to be seen towards the distal portion of 
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two or three year old wood. This fruiting often only begins where 
the branch has reached an unwieldy length : an effort is made, 
therefore, to obtain blossom buds on shorter, sturdier shoots. Side 
branches on the framework are shortened and their energy concen- 
trated on, say, four or five buds only. In the following year, 
instead of a long, thin shoot, we have a short one with two or three 
side branches ; these are in turn shortened and in course of time 
blossom buds may be found developing on the lower (proximal) 
portions of the shortened shoots. When this occurs the branch is 
shortened to a blossom bud. 

A warning must be issued concerning spur-pruning. Obviously, 
if the tree is young, has not reached a bearing age, and is growing 
vigorously, the result of shortening a branch is to produce more 
wood. And if this wood is in turn shortened, more wood is again 
produced ; and this process may continue, without the formation 
of a blossom bud, for very many years. The writer has, in fact, 
examined spurs on strong -growing apples which had been cut back 
annually for twelve years and were still producing nothing but 
infertile shoots. Obviously, then, vigour of variety, stock, and 
soil and water conditions must be taken into account in evolving 
a method of pruning. 

Another important point which it would be fatal to neglect is 
that of the reaction of different varieties to the mutilations of the 
pruner. Shortening a leading shoot of a young tree of Allington 
Pippin to half its length may result in causing every bud below the 
cut to produce a shoot the following year ; whereas in the case of 
Lord Derby probably only three of the buds below the cut would 
give shoots. Thus careless pruning of Allington I^ppin might, in 
some circumstances, have the result of choking up the tree with a 
forest of useless, sappy wood, and it would have been far better to 
have left the tree alone since, if left to itself, AlUngton rapidly 
covers itself with fertile wood. 

Certain varieties of apple produce the greater part of their 
flowers on the tips of young shoots ; shortening these shoots would 
therefore have the result of depriving the tree of its crop. A variety 
which shows this character in an extreme form is Worcester Pear- 
main. Pears usually show this habit of fruiting, but in addition 
produce many lateral fruit buds and are, as a rule, easily reconciled 
to spur-pruning. 

The pruning of plums differs from that of apples and pears. 
The preliminary scaffolding required must be strong, as with apples, 
but no spur-pruning is practised. Plums usually begin to bear 
fruit long before their branches are strong enough to support a crop, 
moreover they are thin-wooded as compared with apples, hence to 
counteract the inevitable tendency to droop caused by precocious 
fruiting, a certain amount of shortening (“ tipping ”) of the leading 
shoots will be needed if bush plums are grown. Standard and half- 
standard plums are, however, mostly planted, and after these have 
had their preliminary shaping little pruning beyond the excision of 



INSECT AND FUNGOID PESTS 


339 


superfluous branches is done. In any case, owing to the prevalence 
of Silver-Leai disease in this country and to the fact that two of our 
most popular commercial plums (Victoria and Czar) are extremely 
susceptible to its attack, as little pruning as possible should be 
done during the period when the spores of this fungus are liable to 
germinate on the cut surfaces of branches, that is to say, during 
autumn and early winter. 

So far only the winter pruning of fruit trees has been considered . 
In commercial plantations where dessert apples of high quality are 
grown, a form of pruning is carried out in late summer or early 
autumn with the object of admitting light and air to the fruit and 
of thus improving its colour. Summer pruning, with this object in 
view, is usually only necessary with closely spur -pruned trees, and 
consists of shortening all young wood not needed for extension of 
the framework to a length of about six inches or less. 

On standard and half- standard apples no pruning beyond the 
thinning out of surplus wood is done once the framework of the tree 
has been laid down. 

Spraying. — Under modern conditions it may be possible to cut 
down expenses of cultivation and even of manuring, but to attempt 
to economize on spraying would be a disastrous policy. Nowadays 
success depends on the production of clean, unblemished fruit, 
properly graded and packed, and without spraying it is not possible 
to produce fruit of the highest quality. 

Fruit trees are attacked by both insects and fungi. Insects 
injure the tree by devouring its leaves, buds, fruit and blossoms, or 
by sucking the juices from leaves and fruit. And to make matters 
worse they may act as carriers of virus diseases such as “ mosaic 
of raspberries and “ reversion of black currants. 

The principal pests of fruit trees are (a) Aphids ; (b) Caterpillars 
(the larvae of various species of moths) ; (c) Capsid Bugs ; (d) Apple 
Sucker ; (e) Apple Blossom Weevil ; (/) Apple Sawfly ; (gr) Pear 
Midge ; (h) Red Spiders. 

In order to gain control over these pests (actual elimination is 
not possible) and to prevent their ruining foliage and fruit, the chief 
method is that of spraying the trees with hquid preparations 
designed : (a) to kill during the winter eggs which have been 

deposited on the bark of the tree ; (b) to poison the insects them- 
selves through their spiracles or breathing pores ; or (c) to kill 
them by coating with a layer of poison the leaves on which they 
feed. For killing eggs “ tar-oil washes are used. These destroy 
the eggs of both moths and aphids. Before their advent the 
control of aphids on plum and damsons was always a matter of 
great difficulty, since these insects are able to protect themselves 
by curling the leaves on which they are feeding. 

Insects which obtain their food by puncturing the tissues of 
their host plant and sucking its juices are killed by “ contact 
washes,” and of these the most important is nicotine. Insects of 
this type are Aphids, Apple Suckers, and Capsid Bugs. (Both 
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Aphids and Apple Suckers can also be attacked in the egg st&ge by 
tar-oii washes.) 

Such caterpillars as are not dealt with by tar-oil spraying are 
killed by internal poisoning. Caterpillars, of course, do not puncture 
thQ tissues of plants but gnaw them, hence if the leaves are coated 
with- poison this poison is actually eaten by the insect. The 
principal internal poison used for this purpose is arsenate of lead. 

Contact washes should be applied with force and through a 
coarse nozzle, whereas arsenate of lead is applied as a fine mist in 
order to cover the foliage of the trees with a very thin layer of the 
poison. 

Certain pests cannot be attacked on the lines given above ; 
among them are the Pear Midge and the Apple Blossom Weevil. 
At present no method of controlling Pear Midge is known and the 
damage it does (often very serious) must be endured. The Apple 
Blossom Weevil lays its eggs in the flower buds of the apple. 
Infected flowers do not open but become hard and brown, thus 
protecting the larvae which feed within secure from contact and 
internal poisons alike. The mature insects can, however, be trapped 
in sacking or corrugated paper tied round the stem of the tree. 

The literature of spraying is quite extensive, a beginner will 
therefore have no difficulty in obtaining reliable information con- 
cerning the technique of pest control. 

Unfortunately, in addition to being attacked by pests, fruit 
trees are subject to diseases, most of which are caused by fungi. 
The most serious of these are Black Scab (of apples), Pear Scab, 
Silver-Leaf (of plums and apples), Apple Canker, Apple Mildew, 
Brown Rot and Blossom Wilt. Of these Black Scab and Silver- 
Leaf are probably the fruit grower’s worst enemies. Scab is con- 
trollable, but unfortunately, little can be done to check the damage 
done by the Silver Leaf fungus. 

If clean fruit is desired a programme of anti -scab operations is 
absolutely necessary for, in addition to attacking the young wood 
and leaves, scab injures the fruit and renders it either unsaleable or 
of very low grade. Bordeaux mixture, lime sulphur and colloidal 
sulphur are used in fighting this fungus. Care is needed in the use 
of Bordeaux and lime sulphur ^ince they may seriously damage 
the foliage of some varieties of apples, or actually defoliate the trees 
if used at the wrong time or at too great a strength. Scab can, 
however, be kept in control by spraying, and although more informa- 
tion on the subjects of scab control and spray damage is needed, 
there is sufficient information available to enable a careful grower 
to produce at any rate a high percentage of scab -free fruit. 

Where Silver-Leaf is prevalent little can be done save cutting 
out infected branches and burning all dead wood. This fungus 
only produces spores after the death of its host. Unfortunately, it 
can thrive on many hard-wooded trees and has even been seen 
fructifying on a gate-post, hence its control is often difficult of 
achievement. It chiefly attacks plums, but when trees are healthy 
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and growing and behaving normally it is less likely to be found 
than in districts where trees, for various reasons, are not in perfect 
health. For instance, when Victoria plum is grown onmyrobalan 
stock the incidence of Silver-Leaf is high, and if it is grown on this 
stock in conditions which tend to produce excessive sappy growth 
the incidence is even higher. 

It should be realized that while it is possible to keep under con- 
trol most of the diseases caused by fungi, it is not possible to get rid 
of them altogether ; constant watchfulness is needed, and a well 
thought out programme of spraying. The grower obviously ought 
to have some knowledge of entomology and mycology, otherwise he 
may find himself wasting money on sprays appli^ at the wrong 
time, or applied in the wrong manner. Or he may even waste 
money on unnecessary spraying. 

A recent development of the technique of pest and disease con- 
trol is that of “ dusting,” i.e., the application of insecticides and 
fungicides in the form of dusts instead of as liquids. Dusts have 
many advantages over liquid sprays, and the chief of these are the 
speed at which the operation of dusting can be carried out and the 
very great saving in labour and appliances. American and Canadian 
growers use dusts on an extensive scale, and it is probable that in 
the near future their use will pass beyond the tentative stage in this 
country. 

Marketing. — Having surmounted the problems involved in the 
growing of a good sample of fruit, the grower^s difficulties are by no 
means at an end : he has (a) to present his produce in a manner 
which will attract salesmen, retailers and the public ; and (b) to 
ensure that it reaches the market which will give him the best 
return for his labours. These two problems of presentation and dis- 
posal are not of equal difficulty. At this time of day there can be 
no question as to the necessity for presenting high-class produce in 
guaranteed sizes and quantities, packed in standard containers. 
Foreigners and colonials at one time captured our markets not by 
virtue of the superior quality of their fruit but because they sent 
us material standardized in quality and quantity and were, in 
addition, able to keep up a continuous supply o^ it. Thus the 
salesmen, merchants and retailers could, to a large extent, regard 
fruit as they regarded flour or soap : . they had to deal with packages 
of standard size containing fruit of known quality, moreover, when 
their supply was exhausted they knew that more packages of the 
same kind were available. Under modem conditions, this state of 
affairs is not only desirable but essential. And the old-style English 
grower, with his fruit of all sizes and qualities jumbled anyhow in 
whatever types of container struck his fancy^ found himself edged 
off the markets or compelled to accept the lowest possible prices. 
It is only necessary to look in a greengrocer's window to see that 
this state of affairs is in existence even now, after years of propa- 
ganda and effort on the part of both Government officials and 
private individuals : there are the familiar Jonathans or Winesaps, 
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even in size and quality, and selling at sixpence or eightpence a 
pound, while in a corner of the shop may probably be seen a decrepit 
hamper filled with apples of all shapes, sizes and qualities, labelled 
“ English, twopence a pound.** 

Fortunately, less and less of this low grade English fruit is to be 
seen year by year, and at the present time all up-to-date growers are 
familiar with the technique of grading, sizing and packing. It is 
therefore unnecessary to insist here on this aspect of marketing. 

The question of selling fruit to the best advantage is one of 
greater difficulty. It is possible to hire a skilled foreman who will 
carry out satisfactorily all operations up to the packing of the fruit, 
but disposing of this fruit is another matter. As a rule, growers 
detest the business side of fruit-growing, but obviously it is on this 
that success chiefly depends ; therefore too much attention cannot 
be given to it. 

When a grower sells his own produce locally, either direct or 
through retailers, the problem is simplified ; but when he wishes to 
dispose of it in distant markets (as he must do if he produces fruit 
in bulk), numerous difficulties arise. And so long as growers prefer 
individual effort to co-operative marketing these difficulties will 
persist. 

A step in the right direction has been made in the United States, 
where growers send their fruit to co-operative selling agencies ; here 
it is graded, packed and sold. In other words, a move in the 
direction of specialization has been made : the grower, instead of 
attempting to carry out every operation, confines himself to the 
culture of fruit, handing over to specialists the task of packing 
and distributing. This is the modern tendency, unfortunately 
inescapable, and it is to be seen throughout the industrial 
world. 

Among the more important problems to be faced by growers is 
that of transport. It is clear tliat here individualism cannot pay so 
well as co-operation. Small lots are charged maximum freightage, 
each lot has to bear its own separate cost of transport to and 
from the railway, and each lot has to be handled separately by 
salesmen. Individualism here is clearly an expensive luxury. 

On the other hand, a large grower is more favourably situated ; 
he is in a position to send a regular stream of standardized products 
comparable to that emanating from some large factory. 

The selection of markets, or outlets for produce, is not an easy 
task, and many growers are content to send off their fruit largely as 
a speculation. A knowledge of the conditions pertaining to the 
various markets available is often only gained after long, and per- 
haps, painful experience. Careful study of marketing is therefore 
essential to success. 

Since the grower, once he has despatched his fruit, is literally in 
the hands of the salesman who acts as intermediary between hiui 
and the retailer or selling agency, every efiort should be made to 
discover a reliable salesman in each market. Once he is discovered, 
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it is well to realize that he is, before everything else, a business man ; 
he wants the best produce, a regular supply of it, and he wants it 
well packed and as far as possible standardized. Only when these 
conditions are fulfilled is he able to keep up his connections with 
retailers and make a good profit for himself and his grower. 

Only a few general principles can be mentioned here ; but much 
information on the subject of marketing is now available to growers 
and the marketing of fruit need no longer be the somewhat 
Imphazard affair that once it was. 

Soft Fruit. — Strawberries, black currants and raspberries are at 
present the most popular soft fruits. While plantations of top 
fruit are maturing it is desirable that the ground should be giving 
some return, and this return is usually obtained from soft fruits, 
except in districts where flowers and vegetables are more profitable. 
Soft fruits are also grown alone, and this is especially the case with 
strawberries. 

The three kinds of soft fruit named are found growing wild in the 
North Temperate zone, in cool, moist conditions. This fact should 
give some indication of the conditions necessary for success. 
Obviously, bare, baked hillsides or dry, sandy soils are not situations 
where one would expect to find these plants thriving, and it is 
possible that many of the failures to cultivate them successfully are 
due to disregard of their soil and water requirements. 

Strawberries are in demand throughout the year, either as fresh 
fruit, or as jam, or in cans. They are suitable for the small grower 
with a local market and for the large grower who may despatch his 
fruit to markets a hundred miles or more away. 

As in the case of other fruits, bulk production of strawberries 
has tended to be confined to definite areas, both soil and climate 
having influenced these segregations. If climate is favourable, that 
is to say, if there is a reasonable chance of safety from late frosts 
when the plant is in flower, and, better still, if there is a possibility 
of producing crops early in the season when prices are high, soil can 
be to some extent neglected, for it will pay to make some effort to 
render the land suitable for this crop. Straw^berries are, for instance, 
grown profitably in Hampshire on land which would normally be 
moorland. Earliness is here the important factor. 

I'he list of strawberries grown for market purposes in this 
country is not a long one ; in fact, two varieties only — both old 
ones — take precedence of all the rest. These are Royal Sovereign 
and Sir Joseph Paxton. So far, in spite of numerous introductions 
of new varieties, these two have retained their hold on the affections 
of growers, salesmen and retailers. Other varieties on trial (but 
unlikely to supplant Sovereign or Paxton) are Madame Lefebvre, 
Deutsch Evern, Oberschlesien (the most promising) and Tardive de 
Leopold. 

Brightness of colour, firmness of flesh, ability to travel well, 
productivity, are important points in the make-up of a commercial 
strawberry. And of these, softness of flesh has been a defect in 
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many otherwise good introductions which has led to their relegation 
to the private garden. 

It must be realized that although Sovereign and Paxton are 
pre-eminent on the market, they will not show their best in every 
district, and before planting up a large acreage it would be advisable 
for the grower to lay down a trial plantation of varieties, including 
those specially suitable for jam- making and canning. 

Black Currants. — Of recent years, since England has become the 
target for fruit growers all over the world, heavy importations of 
black currants have depressed the value of this once very profitable 
crop. Although prices will probably not rise again to the high 
level reached after the war, this crop should not be neglected by 
growers, especially as neither its culture nor its marketing present 
very formidable problems. 

Bud-mite, “ reversion,” running-off,” have all contributed to 
deter growers from planting black currants. Much research has 
been carried out on all these problems, however, and with the 
information now available black currant culture does not present 
the serious difficulties which at one time resulted in the premature 
grubbing up of many plantations. 

The effective control of bud-mite by spraying with lime sulphur 
is a simple affair ; and where bud -mite and aphis are controlled the 
virus disease known as ” reversion ” becomes a less serious menace. 

The chief varieties grown in this country are Seabrook’s Black, 
Baldwin, Boskoop Giant, Goliath and Edina. If only one variety 
is planted this should bo Seabrook's Black, which shows a certain 
amount of resistance both to bud-mite and to reversion, and in 
addition, has been thoroughly tested on a commercial scale in 
Eastern England. For the West, and where conditions are wetter, 
Baldwin, a very heavy -cropping variety of rather weak growth, is 
profitable. 

It should be emphasized that unless care is taken to control the 
attacks of bud -mite, aphis and caterpillars, and to destroy reverted 
bushes as soon as they are discovered, the culture of black currants 
is not worth attempting. 

Raspberries. — This is another crop suitable either for small or 
large scale production. As in the case oi other iruits, the exigencies 
of commercial conditions have resulted in the cutting down of the 
number of varieties grown. At the present moment the following 
are chiefly planted ; — Lloyd George, Red (Yoss and l^ynes Royal. 
If one variety only is to be planted, Lloyd (ieorge should be the one 
chosen. A grower might, however (as wiUi other fruits), make a 
preliminary test of varieties to suit his special conditions. 

Provided he is on a rea.sonably good fruit soil, the grower will 
find that the culture of raspberries presents no great difficulty, if he 
will avail himself of the results of research on the manui ing of this 
crop and on its pests and diseases. 

Raspberries are not so profitable to grow as once they were, and 
before planting them the grower would be wise to study market 
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conditions. The events of recent years have shown that in a very 
short time a crop from being extremely profitable may change in 
value and be hardly worth growing. At the present moment few 
men would care to launch out on extensive plantings of black 
currants, raspberries or gooseberries. On the other hand, early 
cooking apples, Bramley’s Seedling, Worcester Pearmain and 
strawberries still appear to be safe propositions. 
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MARKET GARDENING. 

In the normal course of events tht* nudhods adopted by market 
gardeners in producing their crops would have little interest for a 
farmer : indeed, the sight of a vegetable giower ‘‘ poisoning ” his 
land with 40 loads of dung and half a ton or tnore of artificials to the 
acre has often in the past been food for mirth ratlier than for 
respectful interest. However, times have changed and many 
farmers are now greatly interested in horticultural crops : and the 
fact that in September, 1931, three bags of Brussels sprouts fetched 
more money than a sack of wheat has no doubt tended to make them 
even more interested than before. 

Of course, the insertion of a market gardt'ii crop in a farm 
rotation is no new-^ thing : when conditions are suitable cabbages, 
sprouts or peas have often been found worth while attempting. 
But it is now realized that a greater attention to market garden 
crops may help to solve the perennial problem of how to make farming 
pay. At least, it may do so for those farmers who are on land 
suitable for market garden work and in districts where the more 
profitable (Tops such as broccoli or cauliflowers can be grown. 

Market gardening, or the growing of horticultural crops, is not 
to be embarked upon lightly. It is true that on paper the returns 
from vegetable growing are extraordinarily stimulating. For 
instance, cauliflowers and broccoli may be worth £9o per acre, but 
that is not the whole story for there is cost of production, to say 
nothing of skill and experience, to be considered . Cost of production 
may easily amount to £40 per acre ; and the te('hnique of growing 
horticultural crops well and marketing them successfully takes a 
long time to acquire. 

For a farmer, however, the step from purely agricultural to purely 
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horticultural crops need not be a very formidable one ; though it 
will, of course, be formidable if he is thinking of cultivating such 
crops as forced sea-kale, or tomatoes and cucumbers under glass. 
But to change from cereals and roots to Brassica crops and onions 
is fairly easy, at least as far as mere production is concerned : it is 
when the question of marketing arises that trouble begins. At the 
same time, one must emphasize the fact that even when conditions 
of soil, moisture, and climate are favourable for vegetable growing, 
a mere agricultural scratching of the soil to a dej)th of four or five 
inches, plus a few loads of dung and a hundredweight or so of 
fertilizers, is not enough for horticultural crops. Deep cultivation 
and heavy manuring are necessary for the growing of profitable 
market garden produce. The old-time Middlesex grower brought 
back a load of London dung for every load of produce sent to Covent 
Garden. The French maraichere, so it is said, takes liis top soil with 
him when he moves to a fresh site, for this top soil has been built up 
with hundreds of tons of valuable stable manure. Fifty tons of 
manure to the acre was once considered to be quite an ordinary 
dressing for certain crops, and even. now many a man would use 
this amount if he could get hold of it at a reasonable rate. The 
truck farmer (i.e., specialist large scale vegetable grower) of North 
America may apply a ton or more of a high-grade mixed fertilizer 
to the acre. 

It is obvious that here is a state of affairs very different from that 
encountered in ordinary farming and the layman may wonder if all 
this cxj)enditure in manuring is not over-done. Experience proves 
the contrary. The market gardener is almost solely concerned 
with the vegetative parts of his plants ; if seed wej*e the edible part 
of the onion plant it could be produced at small expense, but to force 
the plants to produce the mass of swollen leaf- bases which forms 
the onion bulb is a difficult and expensive matter. And there is 
the question of quality of produce to be considered ; the grower 
who aims at a large bulk of low-grade vegetables is liable to find 
himself in difficulties when markets are over-loaded and retailers 
can pick and choose, whereas the man who has concentrated on 
quality scores. Quality, in the case of vegetables, is not obtained 
without much expenditure on cultivating and manuring. 

As for marketing, unless a local sale is assured, a knowledge of 
markets and of marketing conditions is essential for success. In 
years when growers of, say, Brussels sprouts can be heard com- 
plaining that their consignments have brought in no cash return 
worth mentioning, one can always find men who, by attention to 
packing, grading, and quality, and through a knowledge of the 
markets, contrive to sell their produce at a profit. 

In short, the growing of vegetables for market will involve, for 
many farmers, a radical change in cultural methods, a much 
increased expenditure in cultivations and manuring, and a close 
study of marketing conditions. The returns from horticultural 
crops are as a rule much higher than those obtained from ordinary 
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farm crops ; but they are not obtained without extra capital and 
extra effort. 

It is also necessary to add that the production of vegetables is 
already being carried out on a large scale in this country. The case 
of vegetables is not parallel with that of fruit : we import enormous 
quantities of fruit, but most of our vegetables are grown at home. 
There is, therefore, always the bogey of over-production lurking 
round the comer. Transport facilities are not by any means as 
good as they might be in this country, and therefore the trans- 
ference of material from the place of production to the place where 
it is needed is badly hampered. A further hindrance is the policy of 
retailers who almost everywhere would rather sell a small quantity 
of vegetables at a high price than a large quantity at a low one. In 
view of the perishable nature of vegetables and difficulties of trans- 
port, this policy can be easily understood ; but it undoubtedly 
leads to the waste of much valuable produce that ought to be 
available to the poorer sections of the community. 

The vegetable grower, then, should be a business man, on the 
look-out for an opportunity to go one better than his neighbour. 
He can do this by growing better produce, by better packing and 
grading, and by being alert in the exploitation of special lines which 
he may discover are profitable to grow in his district. There is nc 
doubt that a state of affairs has been reached when, as in the case 
of fruit, it rarely pays to grow anything but the best. Vegetables 
are not regarded by the public in the same way as bread or meat : 
they still remain to a large extent in the category of luxuries. There 
is much capriciousness in the public taste : one year summer 
cabbages are unsaleable and have to be ploughed in : the next year 
they may fetch good prices. A market gardener is not supplying 
the public with goods which they must have : he is merely supplying 
them with luxuries which they will buy if they can afford them and 
if they are sufficiently tempted by them. 

Soil and Climate. — Of these two factors climate is probably the 
more important to a market gardener. The soil round Penzance 
is not one that a gardener would prefer to all others, but the climate 
of Penzance is such that the valuable Roscoff type of broccoli 
(or winter cauliflower) can be grown with little fear of frost damage 
and sent to market three months before ordinary types are ready to 
cut in colder parts of the country. Earliness on the market means 
extra money : early cabbages, early cauliflowers, early Brussels 
sprouts are all valuable. When the whole country is producing 
cabbages, the price drops. A grower should therefore pay careful 
attention to this question of climate. Unless he has his own local 
outlet, it is not desirable, and may not be profitable, for him to be 
sending his consignments of spring cabbages to market after the 
cream has been skimmed off by the men in early districts who were 
in a position to send weeks ahead of him. The public soon becomes 
surfeited with any one kind of vegetable and transfers its attention 
to another. 
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As a general rule cold districts or districts having a “ coutineiitai ’ 
type of climate (hard winter and dry summer) are not suitable for 
the commercial production of such crops as spring cabbage, Brussels 
sprouts or early (autumn-sown) peas. There are enough difficulties 
to contend with already, without adding to them a struggle with 
unsuitable climatic conditions. 

Nor are dry districts desirable. Jn growing vegetables the 
limiting factor is usually water. Abroad — chiefly in America- 
irrigation is extensively practised. It (‘ould be practised liere, too, 
with advantage, particularly with such crops as lettuce, cauliflower 
and celery, where quick unchecked growth is necessary if high 
quality produce is desired. 

Although all the more important vegetables apf)reciate plentitiil 
and regular supplies of water, a water-logged s6il is fatal to succe.ss. 
The root range of vegetaVfles is surprisingl}^ large and if root growth 
is checked by water logging stunted and unprofitable plants are the 
result. 

It would be dangerous to dogmatize on the question of soil for, 
as it has been pointed out, the factor of climate may dictate the 
position of a vegetable growing area. Yege tables are to be seen 
growdng on diverse types of soil, from sands aiul silts to bouldei 
clays and black peat soils. Even in these days of improved trans- 
port, market gardening is usually to be m‘en carried out in tin* 
proximity of large towms, on whatever soil they are situated. He:(* 
the opportunity of engaging in a local trade* outweighs possibh* 
unsuitability of soil. 

Nevertheless, it is pc)ssii)Ie to mention qualiti(‘s that arc desirable 
in a soil on which vegetables are to be grown. It should, of course*, 
be easily worked : workable in winter and after rain. With parsnips, 
Brussels sprouts and lettuce one cannot wait until alternations of 
frost, dry weather and rain have* rendorecl soil sufficiently manage- 
able for seed-beds to be made. The b(‘st soils, those most cheaply 
and effectively managed, are therefore on the light side. And the} 
are deep. Vegetables repay deep cultivation. The ])rivate gardener 
who exhibits onions weighing a couple of pounds each, giant penis 
of peas, or incredible celery, as often as not trenches his ground 
to a depth of three feet. Trenching is not })raeticable on a commer- 
cial scale. On the other hand, soils which are penetraVde by roots 
to a depth of three feet are to be found and are desirable. Three 
feet of stiff clay is no use to a marked grower but three feet of sand 
or black peaty soil may mean money to him. 

A good vegetable soil, being light, is well at^rated Aeration 
encourages root production and without large root systems 
vegetables cannot give the best results. 

The soil should be well drained. Stagnant watei about theii 
roots spells disaster to horticultural crops 

When stable manure was cheap and easily obtained \egctable 
growing was possible on drier sandy soils. An instance of this is 
the area near Sandy, in Bedfordshire, situated on the Lower 
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i % reei^ -sawd Nonually these soils, unless the underly ing impermeable 
(<ault clay Ic near enough the surface to hold up a supply of water, 
are only suitable for heath plants ; but by the addition of heavy 
dressings of manure and the accumulation of humus they become 
more retentive of water and therefore suitable for vegetable growing. 
A sandy soil is, too, earlier than a clay : it warms up more quickly 
in spring. 

On heavier <8oils, provided they are well drained and deeply 
worked, Brussels sprouts, cabbages and cauliflowers will succeed 
But a market gardener does not like to keep his ground idle ; he 
wants crop to follow crop rapidly and may even have two crops on 
the ground at the same time, one maturing, the other commencing 
growth. He^ayy, intractable soils are therefore of no use to him. 
On the other hand, a farmer who occasionally fits in a Brassica crop 
and thus has plenty of opportunity to get his soil into the right 
coTulition is not deterred by a certain amount of heaviness. 

To sum up ; a vegetable soil .should be deep, well drained and 
easily and cheaply worked. It should be in a district of fairly high 
rainfall and in a climate that favours the growing of such plants as 
are in the ground all the \^’inter- These are ideal conditions and are 
mostly found in the south, south-west and west of England. 
FVoximity to the sea is a valuable asset to the grower of broccoli or 
cauliflower, though if he is on the east coast spells of biting east or 
north-east winds may ruin his crops. But it is clear that vegetables 
can 1)(‘ grown successfully on many soils and in many situations. 

( \‘lery is grown on a large scale in the black fen soils of Cambridge- 
shire ; cabbages are gro\)vn on the silts of I^incolnshire. A market 
gardemT- a man who glows a large variety of vegetable crops — 
n(‘eds special soil and situation ; but the English equivalent of the 
AfiK'iican ‘‘ truck -farmer,’ who specializes in a few crops grown on 
a very large scale, is not necessarily so limite<l as regards climate : 
his crops may be all off the ground by the time winter sets in. 

Tt is therefore unsafe to dogmatize on the questions of soil and 
rliinate, though one may say definitely that cold, wet districts 
and heavy, undrained soils are undesirable for the commercial 
production of vegetables on a large scale. 

Manuring. — It is necessary to realize that in the question of crop 
niaruiring actual experiment by the grower himself is the only guide. 
A multiplicity of “ manurial experiments ” has been carried out for 
the benefit of farmers and horticulturists, but until recent years they 
have for the most part been statistically unsound ; and even when 
a manurial experiment is sound statistically its results can only 
a|)ply to the piece of ground in which it was carried out and to a 
particular season. Fundamental research is badly needed. 

Soil analyses are of little use to the grower. A sack of sawdust 
has locked up in it valuable food material but the human digestive 
system cannot make use of it. Similarly with soils : they may 
contain all the elements for plant growth but plants may not be able 
to get at tben\, or may only Ik‘ able to obtain them in such small 
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quantities that, as far as vegetable growing is concerned, tliey are 
of very little help. Hence it is universally conceded that if good 
vegetables are to be grown they must be well fed. And no matter 
how well they are fed they cannot show their best unless they are 
amply supplied with water. 

It is probable that, since most commercial vegetable culture is 
carried out on lightish soils, the function of very heavy dressings of 
stable manure has been chiefly to increase the water-holding capacity 
of the soil. Therefore it is possible, provided water conditions are 
right, or if irrigation is practised, to cut down manuring for humus 
production and to rely to a greater extent on fertilizers. But 
whether obtained from dung or from manuring there is no doubt that 
humus is absolutely necessary to the vegetable grower if he is on a 
light soil in a district of low rainfall. A market gardener ])racti8ing 
intensive culture and aiming at high quality would probably find — as 
certain growers have already found — that overhead irrigation as 
practised in America would ])ay. But for mass production of the 
cruder crops such as sprouts or celery it is ruled out, though there 
is no doubt that ordinary furrow irrigation wo\dd be of inestimable 
value to many growers in this country. 

The list of elements, or raw food materials, needl'd by vegi'tables 
to enable them to live and grow is a formidable one. It includes 
nitrogen, potassium, phos])horus, iron, sidphur, niagnesiiim, caUaum, 
carbon, hydrogen, oxygen. Recent resi'areli lais shown that traces 
of manganCvSe, boron, co])per and zinc may also be needl'd. For- 
tunately a grower need only concern himself with three of them : 
nitrogen, potassium and phosphorus. Th(' ])iant obtains its 
hydrogen and oxygen from water and its car))on from carbon 
dioxide present in the air ; as for thi^ remaining elements, they are 
supposed to be present in sufticii'iitly large quantities in the water 
absorbed by its roots. In America it is stated that good results 
have been obtained from dressings of manganese sulphate. The 
practical man over here concentrates his efforts on sup[)iying his 
plants with those elements of which they need large quantities-- 
larger quantities than can be supplied by the average soil. 

It would be no good recommending here definite manurial 
treatment : the kind and amount of fertilizers requirt'd must clearly 
depend on the nature of soil, climate and crop. In a vegetable- 
growing area there is the result of the accumulated experience of 
generations of growers to be drawn upon, and th(: beginner will he 
wise if he avails himself of it. 

Nitrogen is necessary for the full development of the vegetative 
portion of a plant and is therefore of great importance in the culture 
of such crops as spinach, cabbage, lettuce and celery. In growing 
vegetables the lack of it is more likely to prove a limiting factor than 
lack of potassium or phosphorus. It is available to the grower in 
many forms, some of which can be utilized almost at once by the 
plant whereas others act more slowly. The grower may want his 
nitrogen to act quickly if for some reason his plants have received 
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a check or are standing still. For this purpose nitrate of soda or 
nitrate of lime may be used as a top dressing, but their effect is 
transitory and unless water and reserve stores of food material are 
available in the soil the crop will stand still once more after forging 
ahead for ten days or so. Sulphate of ammonia is used for a similar 
purpose but acts more slowly. 

Growers of Brassica crops find soot to be a valuable fairly slow- 
acting manure and prefer heavy dressings of it to the more fugitive 
inorganic fertilizers that have been mentioned. 

Probably an ideal state of affairs would be to manure in such a 
way that the use of tonics such as nitrate of soda was unnecessary : 
that is to say, by the use of slow-acting organic manures such as 
stable manure, hoof and horn, meat meal or malt dust. In certain 
cases this is not practicable. In order to catch the early market it 
is necessary that cabbages should grow away succulently and rapidly 
early in spring. But in the early part of the year the ground is not 
warm enough to stimulate into activity the soil organisms which 
render the nitrogen in organic manures available to the plant. 
Available nitrogen must therefore be suppUed in the form of soluble 
inorganic compounds such as nitrate of soda. This is the principal 
function of these inorganic comyyounds : to supply rapidly available 
nitrogen at a tim(‘ when soil organisms are unable to work at full 
pressure and thus to keep plants moving and avoid checks to 
growth . 

Phos))horus must be supplitMl to all market garden crops. It is 
present in most soils but is not necessarily available to plants. 
While nitrogen exercises its chief influence in the vegetative parts 
of a plant, phosphorus is supposed to be concerned in the develop- 
ment of fruits and seeds, and of the fibrous portion of the root 
system. In market garden practice phosphorus is applied in the 
form of “ superphosphate.” 

Potassium is said to be essential to starch and sugar formation 
and is therefore of particular importance in such crops as onions, 
parsnips, potatoes and carrots. Manuring with potash cannot be 
avoided by the vegetable grower, for although nitrogen increases the 
actual area of the leaves of a plant it does not increase their efficiency 
as food manufacturing organs. Potassium increases their efficiency, 
however ; therefore, heavy applications of nitrogen are useless 
unless adequate potash is also present. Similarly, potassium and 
nitrogen are not fully effective unless adequate phosphorus is 
available. 

Potassium is applied in the form of the sulphate or chloride 
(muriate). It is usually applied in insufficient quantities by 
inexperienced growers : on certain soils half a ton to the acre of 
muriate is found to be not too heavy a dressing for a Brassica crop. 

Potassium is also present in wood ashes and these should never 
be wasted. Kainit is used by some growers ; this fertilizer must be 
applied well in advance of cropping and is usually put on in the 
autumn. It contains common salt and is therefore supposed to be 
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beneficial to plants of wliicli tht‘ ancentral forms were indigenous on 
our sea coasts; the wild cabbage and beet being cases in point. 

Lime is of the utmost importance to a vegetable grower. It is 
known that an acid soil is favourable to the growth of the organism 
responsible for club root (or finger and toe) in Brassica crops and 
unfavourable to the activities of the organisms which break down 
organic manures. A stage is sometimes reached in private gardens 
manured annually and heavily with dung when further applications 
of manure have no effect and the fertility of the soil declines : the 
soil has, in common language, become “ sour.*' Heavy dressings 
of lime restore its fertility and enable the nitrifying organisms to 
resume their activities. 

Lime has also effects on the texture of soil, more important 
to the agriculturist than to the market gardener who, if he is wise, 
chooses in the first instance a soil which requires no amelioration in 
texture. It renders clay soils more workable and permeable to 
water, and improves the water-holding capacity of sandy soils. 

American experimenters have found that some market garden 
crops will ‘‘ tolerate ” a certain amount of acidity in the soil ; such 
are radishes, tomatoes, turnips and Brussels sprouts. But radishes 
and turnips and s})routs would in this country almost certainly be 
attacked by club root in a sour soil. 

On the whole, it may be said that no vegetable grower can afford 
to dispense with the use of lime. 

A plentiful supply of humus is necessary for vegetable growing, 
and with the increasing scarcity of stable manure this problem of 
adding humus to the soil becomes more and more difficult of solution. 
Continuous application of chemical fertilizers can only be fully 
effective if the humus content of the soil is preserved and one way of 
doing this, when stable manure is not obtainable, is by “ green 
manuring.” Green manure crops are grown solely for the purpose 
of soil improvement and are, of course, ploughed in and left to 
decompose. It will be realized that when land is expensive and 
intensive cropping has to be practised, green manuring is not 
regarded as a possibility. But where large scale market gardening 
is carried on, as in America, green manure crops often form the only 
source of humus available to the grower. In this country green 
manuring is not fully exploited as a means of improving soil con- 
ditions, though it is practised in some districts in connection with 
early potato growing. 

Green manuring increases the amount of organic material in the 
soil, transfers mineral food from subsoil to surface, increases th(' 
amount of available plant food in the soil, adds nitrogen to the soil 
(especially when leguminous plants are used as green manure), and 
prevents the loss of soluble nitrates. To the vegetable grower the 
most important result of green manuring is that the water-holding 
capacity of the soil is increased. 

In this climate the crops suitable for green manuring are not 
numerous. Rye and mustard are probably the most popular 
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4 ,ort-term cropA. but when market garden crops are worker! in 
with ordinary farm roUtioiw it in posaible to make use of a long 
i^.y (clover and graaa), or of red clover alone. 

■ It may be thought that undue emphasis has l)eeu laid on the 
,,>u-9tion oi manuring vegetables ; the writer's experience, however 
18 that newcomers to market gardening are apt to expect maximutn 
results irom a raimmum expenditure and that their ideas ol manurina 
are generally inadequate. ^ 

Kinds and Varlatias. Whilst some market gardeners, working 
intensively, grow most kinds of commercial vegetable crops it can be 
said definitely that not all kinds are suitable for large scale work. 
Broccoli, cauliflowers, cabbages (white and Savoy), canning and 
main crop peas, Brussels sprouts, beans, carrots, parsnips and onions 
are suitable for large acreages, but there are vegetables which either 
because of special cultural requirements or limited demand are 
confined to market gardens. Such are usually asparagus, spinach, 
sea-kale, artichokes, celeriac, salsify, mint, leeks, lettuce, radishes 
and turnips. Rhubarb (forced), sea-kale, celery, celeriac and salsify 
are generally in the hands of specialist growers. 

As shown by the latest returns issued by the Ministry of Agri- 
culture and Fisheries (for 1930) the acreages of the more important 
crops in England and Wales were as follows : — 


Green poas ... ... 56,000 acres 

Cabbages ... ... 30,800 

Brussels sprouts ... 20,500 ,, 

Cauliflower and broccoli 14,000 
Green beans ... ... 13.500 ,, 


Carrots 

Rhubarb 

(^olory 

Onions 


0,100 acre.' 
7.700 
6,400 
2,000 


At the present time there aj)pears to be rootii on the markets for 
further siipplh's of canning peas, Brussels sprouts (high qualit}^ 
produce only), cauliflowers, broccoli, celery (including varieties for 
canning) and onions (including pickling varieties). Parsnips usually 
command a sale, especially of recent years owing to the ravages of 
“ canker ” and consequent reduction of the crop. There is an 
increasing demand for spinach and for early and very late Savoys. 
Lettuces and radishes are also safe crops to grow. 

The prospective grower of vegetables should take note of the 
rapid rise of the canning industry. In the future it is probable that 
there will be few vegetables which are not caimed. There is also an 
opening for vegetables for pickling, such as cauliflower, red cabbage, 
onions and gherkins. 

No man in his right senses, however, would venture to deal out 
advice on the subject of what to grow. The most that can be done 
is to point out lines that appear to be reasonably safe at a particular 
time. Taking the ease of Brussels sprouts, for instance ; it is quite 
conceivable that if many more farmers take up the culture of this 
vegetable there will be over-production. Though even then there 
will still be room for the grower of high-class graded produce. 

A very important question is that of varieties. The greatest 
care should be taken in buying seed ; after all, cost of seed is probably 
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the smallest item of expense in growing a crop. Many growers will 
object to paying a sovereign for a pound of Brussels sprout seed, 
considering that four shillings or so is a high enough price. They 
lose sight of the fact that no “ variety ’’ of Brussels sprouts is a 
variety in the true sense of the word, but merely a collection of 
varieties ; and that this collection is only kept up to standard by 
careful selection of parent plants. Cheap seed cannot have been 
obtained from carefully selected plants, hence if four out of every 
five plants it produces are “ rogues or “ blowers no surprise need 
be felt. But rogues and blowers occupy just as much space and 
require as much labour and feeding as good plants ; they bring in 
no return and may easily render a crop unprofitable. 

Even when a decision has been made as to the kinds of vegetables 
he is going to cultivate, the grower has still to discover the variety 
which will suit his land and his market. At the present time he 
cannot escape the necessity for testing on his own ground different 
strains of the same variety ; and he may even be driven to attempt 
to save seed for himself. Seed growing is, of course, a task for 
specialists. But if the requisite isolation can be secured and if the 
plants to be used as parents are carefully selected, a grower may at 
any rate be able to maintain his own stock of a vegetable, even if he 
does not succeed in improving it. The mistakes commonly made 
are (a) growing parent plants in positions where they are likely 
to be crossed by plants of other stocks growing in neighbouring 
gardens (for instance, cabbages cross freely with Brussels sprouts, 
broccoli and kohl-rabi) ; (6) utilizing for seed-parents plants which 
are not of the highest quality. Growers have been observed to 
leave for seed a block of inferior broccoli (not good enough to send 
to market) in a comer of a field : this sort of thing is bound to 
result in failure, 

A clear idea of the required type of vegetable must be kept in 
mind and only the best specimens of this type should be used for 
breeding purposes. 

Pests and Diseases. — Much work remains to be done before 
mycologists and entomologists are in a position to help the market 
gardener to the same extent as they can help the fruit grower in the 
control of diseases and pests. In many cases the methods of 
control suggested are ineffective and in others they are not applicable 
to large scale cultures. There are three serious diseases of onions 
for the control of which practically nothing can be done : onion 
mildew, white rot and neck rot. Given suitable weather no amount 
of spraying will prevent the spread of mildew ; and no control has 
been found for either white rot or neck rot. It is probable that the 
last word on the subject of controlling these diseases will be said by 
the plant breeder, for, in the case of each disease, individual plants 
have been observed showing resistance and even total immunity. 
Such plants would form valuable matf.rial for use in breeding 
resistant varieties. Onions are quoted merely as examples : some 
of the diseases for which no effective control is known are leaf spot 
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of Brfi^icae ; ring spot, mildew and botrytis rot of lettuce ; mildew 
and virus disease of peas ; canker of parsnips. In all these cases, 
it is probable that the plant breeder will in the end provide the 
solution of the problem. 

The control of insect pests does not present so many difhculties. 
Insects are usually accessible : they are not at work, like so many 
fungi, within the tissues of the plant where sprays and dusts cannot 
reach them. Aphids and flea beetles can be readily controlled by 
dusting with nicotine powders ; cut- worms and leather jackets can 
be easily poisoned by a mixture of bran and Paris green. Nevertheless 
certain serious pests remain practically uncontrollable ; such as 
pea midge and pea thrips ; and, worst of all, the cabbage root fly and 
the onion fly. The case of the cabbage root fly is interesting in' that 
it offers an instance of the difficulty of appl3dng remedies worked out 
by laboratory entomologists on small scale plots. It has been 
found that if plants are watered with a solution of corrosive sublimate 
during the period when the female cabbage root fly is laying her eggs 
the larvae of the fly will be poisoned and the plants escape serious 
injury. There are about 10,800 cauliflower plants to the acre, at 
two by two feet : not much imagination is required to visualize the 
difficulty of giving every cauliflower plant in, say, ten acres of 
ground its allotted half pint of carefully prepared solution. 

Meanwhile, the stereotyped advice that one should refrain from 
growing the susceptible crop for a period of years is no more palatable 
than the text-book advice on manuring : i.6., that '' stable manure 
should be applied to a previous crop.*' 

Marketing, — Knowing how to sell a crop is nowadays at least as 
important as knowing how to grow it. The time has gone by when 
any sort of greenstuff packed anyhow in any kind of container 
would bring in profitable returns. Not only is there severe com- 
petition between home growers, but continental market gardeners in 
the case of some vegetables make a dead set at our markets and they 
are careful to send in nothing but high-quality produce, graded and 
packed in standard sized non-returnable containers. It is the story 
of competition in fruit over again. And, as in the case of fruit, the 
salesman likes to know exactly what he is selling. It saves time, 
trouble and temper if he knows that a crate of lettuce or cauliflower 
contains a guaranteed number of heads and that each head will be 
of a specified size and quality. The old-fashioned grower who 
formerly bundled his heads of cos lettuce of all sizes into a sack 
together with soil, roots and dead leaves does not stand a chance in 
the better class markets against carefully packed and graded produce. 

As in the case of fruit, the grower who concentrates his efforts 
on exploiting a local market, either through retailers or by direct 
supply, need not be so careful as the grower who sends to the big 
markets in London or large provincial towns. But some care is 
necessary : foreign crated lettuce, for instance, penetrates almost 
everywhere and against this selected and graded material competition 
is impossible unless correct marketing methods are adopted. 
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As competition increases, and there is every sign of increase, 
there will be less and less room for low-grade produce. In the case 
of fruit there is now practicqjly no room at all and a similar stage 
•will in all probability soon be reached with vegetables. 

There is a science of marketing and since in this country the 
business of selling the crop cannot be handed over to specialists 
it behoves the grower to study this science himself. He should pay 
attention to the following points which are essential for success : 

(а) his produce should be seasonable ; that is to say, in demand ; 

(б) it should be carefully graded for size and quality ; (c) he must 
pack well in packages of convenient size and shape ; (d) he should 
study market conditions in order to avoid gluts and low prices. 

The advantages to market gardeners of co-operative organiza- 
tions for packing, grading and distributing produce are obvious. 
They would improve packing and grading, standardize produce, 
develop markets, save expense in handling and distributing, 
advertise the produce of their members and keep growers in touch 
with market conditions. 

As it is, the small grower sending his produce to a large market is 
as often as not like a man fumbling in a dark room. He is at the 
mercy of commission agents, fluctuating market conditions and the 
changeable taste of a public now accustomed to a high standard of 
living. The large scale grower with his telephone, his organization 
and his command of transport has many advantages which the 
solitary small scale man can never possess unless he co-operates 
with his fellows. 
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CHAPTER XVI. 

THE DISEASES OF PLANTS CAUSED BY FUNGI. 

There is no clearly defined boundary between a healthy and an 
unhealthy condition in plants. In practice yield is a common 
criterion of good health, for it is generally recognized that a large 
crop cannot be produced when the plants composing it are in an 
unhealthy condition. The unhealthy condition of the crop may, 
however, be due to a variety of causes, such, for instance, as the lack 
of an ample supply of food materials in the soil, drought or even 
an excess of moisture leading to an inadequate air supply for the 
root system. It may also be the result of the tissues of the plants 
being invaded by some parasite. Their normal functions are then 
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upset and the general health of the plant suffers. In such cases 
the plants are said to be “ blighted ’’ or “ diseased.” The disease 
may be so slight that the diminution in the yield of the crop is 
overlooked, or it may be so severe that the crop fails completely. 

The two main agencies in producing diseases in plants are fungi 
and insects. The fungi are a lowly group of plants marked off 
sharply from all others by the fact that they are completely lacking 
in chlorophyll. As a consequence they cannot build up the food 
required for their growth from the simple inorganic substances of 
the soil and the carbon dioxide of the air. In order to live they 
require, therefore, a ready elaborated supply of complex organic 
materials, such as carbohydrates and proteins. The main sources 
from which such supplies are obtained are either living plants or 
their dead remains. The fungi would thus appear to fall into two 
groups, namely, those dependent on a living host plant, or “ para- 
sites,” and those capable of feeding on dead plant tissues or 
“ saprophytes.” The distinction, though a useful, is not an absolute 
one, for some fungi bridge the gap by hving saprophytically for a 
time and then becoming parasites. The ‘ parasitic or disease-pro- 
ducing fungi naturally appear to be the most important from the 
plant grower's point of view. Bui without the saprophji^es there 
would be no agriculture, for they play a fundamental part in break- 
ing down and returning to the soil and air the materials locked up 
by the growth of previous generations of plants. Their activity in 
this direction has its troublesome side when it is responsible for the 
destruction of timber used in farm buildings, gate posts, stakes, etc. 

Structurally, the fungi are far simpler than all other plants, with 
the exception of the algae. The fungus body is, with rare excep- 
tions, built up of microscopic, thin- walled, branching ” hyphae,” 
collectively known as mycelium.” It may be so small that it is 
invisible to the unaided eye, or it may be large, as in mushrooms or 
puff-baUs, but even in these the body is built up of interwoven 
hyphae and it shows none of the differentiation into various tissues 
such as is seen in the higher plants. Reproduction is effected by 
means of spores formed either vegetatively by the simple abstriction 
of the tip of a hypha (Fig. 65) or by its segmentation into a chain 
of spores (Fig. 62), or again, as the result of a sexual process. Most 
fungi produce two or more forms of spores which are often so unlike 
one another that, before the life history of the fungus was worked 
out, the different stages of development were classified in totally 
diffei^ent groups. The various forms of spores fall into two broad 
categories, namely, those responsible for the rapid multiplication of 
the fungus and those by means of which it tides over periods of 
adverse climatic conditions or contrives to persist in the absence of 
its host plant. Those of the former group are usually short-lived, 
and their efficacy as agents of infection is very dependent upon 
weather conditions. A short spell of dry weather results in the 
wholesale destruction of the zoospores of the fungus responsible for 
potato blight (p. 369) for instance, whilst a hot, dry season may do 
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much to prevent severe outbreaks of yellow rust by killing off its 
uredospores. Those of the latter group, the so-called ** resting 
spores,’* often have a lengthy period of life even under conditions 
inimical to growth Their walls are commonly thick and dark in 
colour, or, where this is not the case, the spores are enclosed in 
resistant fruiting bodies. Probably the majority of resting spores 
start into growth in the spring following their development, their 
germination often being dependent upon a thorough freezing, but a 
considerable percentage of them may remain for years in a dormant 
condition. Thus, spores of the fungus responsible for the disease 
known as “ bunt *’ in wheat, taken from herbarium specimens 
known to be twelve years old, have been found to retain their ger- 
minating capacity. Some fungi develop special structures described 
as “ sclerotia ** which also have this function. These consist of 
masses of mycehum, richly stored with foodstuffs, with their outer- 
most hyphsB thickened and dark in colour. The spores of fungi 
are, without exception, very minute bodies though they differ much 
in size in different kinds of fungi. They are, moreover, produced 
in enormous numbers, ‘and though figures which have to be 
expressed in millions mean little, it is as well to try to realize how 
abundantly they are formed. The spores of “ bunt ” (p. 389) are 
comparatively large, but a single bunted ear of wheat may contain 
250,000,000 of them. Suppose now that each of them was the size 
of a wheat grain, then the produce of one ear would fill about 100 
four-bushel sacks. 

The dispersal of fungus spores is effected mainly by air currents, 
and at some seasons of the year, except immediately after heavy 
falls of rain, it is literally true that the air is full of them. On 
adhesive surfaces an inch square, exposed in the neighbourhood of 
a rusty wheat crop, hundreds have been found to settle in the course 
of a day. Such facts may provide the answer to the question 
“ where did the disease come from ? *’ In addition to this mode of 
distribution, the spores of some fungi adhere to the coats of grain 
and .seeds, with the result that a supply of them may be, unwittingly, 
purchased from seed merchants. Dispersal by insect agency also 
occurs, one of the best known examples being provided by the 
ergot fungus occurring on rye and a number of the grasses. 

Parasitic fungi gain an entrance to the tissues of their host 
plants in various ways. Some are only capable of attacking them 
at the seedling stage, for instance, the “ white rust ’* of the Crucifers 
and the various “ smuts ’* of the cereals, so that once this stage is 
safely passed there is no likelihood of the plant becoming diseased. 
More generally, though, the spores germinate on the surface of a 
leaf or on the epidermis of a young twig, and give rise to h 3 rphae, 
which either penetrate between the guard cells of the stomata 
(p. 383) or bore directly through the cuticle. In the former case 
the mycelium usually ramifies widely thiough the plant tissues in 
the latter, though this may also occur, it often spreads no further 
than the epidermal cells or may even be confined to the actual 
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thickness of the cuticle. Other fungi are incapable of attacking 
sound and healthy plant tissues, and to gain an effective entry into 
their hosts the spores must germinate on wounds formed, for 
instance, by insect punctures, by hail stones, by the breaking of 
branches or even by the natural falling of leaves. Such fungi are 
known as “ wound parasites.*' Once an entry has been secured 
the h 3 ^hae spread either between the cells of their host plant, so 
forming an “ intercellular " mycelium, or by boring directly through 
them, that is growing “ intracellularly." In the former case the 
actual contact of the fungus with its 
host's cell -contents is effected by 
means of button -like or branching 
suckers, or haustoria.” (Fig. 55.) 

The penetration of the tissues 
does not necessarily result in im- 
mediate and obvious damage to the 
plant. . It may, indeed, have' no 
visible effect for some time, as, for 
instance, in the case of cereal infec- 
tions by smuts, where infection 
occurs at the seedling stage and its 
results are only apparent as the 
ears begin to push clear of the sheaths. 

It commonly acts as a stimulus to 
the further growth of the infected 
tissues. Thus, flowers of charlock, 
normally about half-an-inch in dia- 
meter, when attacked by the downy 
mildew are often two inches across 
and so hypertrophied that the 
various organs composing them are 
hardly recognizable (Fig. 56). At 
the same time the stems become 
abnormally thickened and contorted. 

Galls or tumour-like outgrowths are 
in fact, common symptoms of disease. The thin-walled, succulent 
tissue of which they are composed generally dies prematurely, 
often after being invaded by moulds and other saprophytic fungi. 
Many fungi, however, do not gradually drain their host plants of 
the foodstuffs they require, but they bring about the immediate 
death of the cells with which they come into contact. The track 
of their mycelium is then marked by brown, dead tissues. Where 
woody tissues, incapable of further growth and functioning only 
passively as a water carrying system, are invaded, the actual 
blocking of the vessels by solid masses of mycelium may result 
in the sudden death of branches or even of the whole tree. The 
ligniflied walls may also be destroyed, with the result that the wood 
crumbles into touch-wood. 

The fungi show great specialization and are generally only 


Fig. 55. — Intercellular mycelia 
with small button -like and with 
branching haustoria. 
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capable of attacking either a particular host plant or a limited range 
of closely related species. As knowledge of their life histories 
accumulates it becomes clear that this specialization is sharper 
than was anticipated. Thus it was formerly considered that the 
smut of wheat, barley and oats was caused by a single fungus 
Ustilago carbo, but it is now known that a number of distinct 
species are the causative agents, and that the species which occurs on 
wheat cannot attack barley or oats. The “ black ** or “ stem ** 
rust known on many grasses, as well as the cereals, is due, however, 
to a single species, Puccinia graminis, but within this species there 
are numerous strains with sharply limited infective capacities which 
prevent its indiscriminate spread amongst the wild and cultivated 
Graminese. Where the specialization is less marked the parasites 

are generally confined to the limits of a 
particular Natural Order. Thus the 
fungus responsible for the “ finger and 
toe ” disease of swedes and turnips is 
capable of attacking a considerable num- 
ber of other Cruciferous plants, or again, 
the blight ” of the potato may occur 
on other members of the Solanacese, but 
neither can infect plants outside of 
these two groups. 

The extent to which fungi attack 
their host plants, or the intensity of an 
outbreak of disease, is largely dependent 
on the environment. The conditions of 
both the soil and of the atmosphere play 
an important part. As a rule the plants 
growing in the most fertile soil are those 
which are most badly attacked. Thus 
the' use of nitrogenous manures in at- 
tempts to produce exceptionally heavy 
crops may defeat its own purpose by 
inducing a severe attack of some fungoid disease. Crops grown 
with the aid of potash salts, on the other hand, are often com- 
paratively slightly attacked, and the same is often true of crops 
grown under starvation conditions. A sour condition, easily 
remedied by the use of lime, is favourable for the development of 
the soil-inhabiting finger and toe fungus, and consequently for 
outbreaks of this disease. 

The fact that weather conditions largely determine the extent 
to which crops are attacked has been recognized from the earliest 
historical times. Indeed it was not until the fact had been estab- 
lished that fungi were the direct cause of plant diseases that the 
view was abandoned that the weather was solely responsible for 
epidemics of disease. All parasitic fungi do not require precisely 
the same conditions for their best development. Moist weather is, 
on the whole, favourable for the spread of most of the smous 



Fig. 56. 

Hypertrophy of flower and 
inflorescence of charlock 
caused by the downy mil- 
dew Peronospora parasitica. 
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agricultural pests occurring in this country, but some fungi, such, 
for instance, as the mildews, thrive best in dry seasons. A supply 
of moisture is clearly necessary for the germination of fungus spores, 
but the process does not require long extended wet conditions. It 
takes place quickly, and a film of dew lasting for a few hours only is 
sufficient for the spores of many fungi to start into growth and so 
gain a footing in the tissues of their host. Temperature, too, is 
important, partly because high temperatures may lead to the 
dessication and death of thin-walled spores and partly because 
their germination only takes place within certain limits. 

Considerable progress has now been made with the study of 
methods for minimizing, if not always actually preventing, the 
enormous losses caused every season by the attacks of parasitic 
fungi. A knowledge of their life histories is particularly valuable 
when attempts are being made to devise methods for controlling 
them, as it usually reveals the stage of growth at which measures 
can be applied with the best chances of success. It cannot be said 
to be essential though, for bunt in wheat was brought under con- 
trol centuries before it was known to be the results of a fungus 
attack, and some measure of control was secured over wheat rust 
by the middle of the eighteenth century. These, however, are 
exceptional cases, and the methods used were primarily due to 
shrewd observation and lucky accident. The life histories of most 
of the important disease-producing species have now been worked 
out in considerable detail and, in addition, information is rapidly 
accumulating with regard to the environmental conditions which 
are suitable or unsuitable for their development. 

The methods in use for controlling plant diseases are for the 
most part preventive rather than curative. Once the mycelium 
has established itself it is in most cases more or less deeply buried in 
the tissues of its host and so out of reach. A cure consequently 
necessitates a surgical operation which, though practicable in the 
case of infected tree branches, which can easily be cut out, is out of 
the question where crops of herbaceous plants are concerned. The 
preventive methods in general use are of several types, depending 
upon the stage in the life history of the parasite at which an attack 
can be made most effectively. The resting spore stage often lends 
itself to this purpose. If it develops, as it frequently does, on fallen 
leaves, the gathering up and destruction of dead foliage will go a 
long way towards preventing infection in the following spring. 
Where they are formed by soil inhabiting fungi, the omission of the 
one crop they are capable of attacking gives them no opportunity 
of perpetuating their kind. Another possibility of control is intro- 
duced by the fact that many fungi have definite growth seasons, 
and it is thus occasionally possible to produce a crop before or after 
its particular parasite has put in its appearance. In this country 
a crop of early potatoes will generally escape blight. This method 
of dodging a disease is being used for minimizing the losses due to 
black rust in the United States, early maturing wheats being grown 
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for the purpose. The direct prevention of infection by coating 
plants with a material which will kill any spores which germinate 
on its surface, that is spraying or dusting with a fungicide, is also 
in very general use. In addition to these direct methods of attack- 
ing or dodging plant parasites, another means of avoiding the 
losses they cause is being sought in the raising of plants capable of 
resisting, either partiaUy or completely, those species which normally 
attack them. The possibility of this is dependent upon the fact 
that there is in existence a large number of varieties of most of the 
crop plants, and when these are exposed to infection, under uniform 
conditions of growth, they show very different degrees of suscepti- 
bility, some even proving immune. This capacity of resisting the 
disease is known to be inheritable, as a rule in a simple Mendelian 
manner (p. 406), and thus the synthesis of new resistant varieties 
has become practicable. 

One other aspect of the problem of controlling the fungoid 
diseases of plants has received much attention of late years. The 
fact has been recognized that widespread as many of the important 
ones already are, all of them are by no means universally distributed. 
Many countries, for instance, though growing potatoes, know 
nothing of wart disease or even of blight. It may be that local con- 
ditions are unsuitable for the growth of some particular fungus or, 
on the other hand, its absence may be due to the fact that it has, so 
far, failed to reach that country. The wide seas provide a fairly 
efficient barri(M' to the passage of fungus spores either when borne 
on the wind or wIh'ii being transported with seeds, packing materials, 
etc., the period of transit often, though not always, being sufficient 
to allow of their (hvath. There is obviously much to be said for 
trying to ])rev(uit the introduction of new diseases, especially when 
it is realized that on their first appearance they are often particularly 
destructive. This is only possible by definitely forbidding the 
importation of plants or seeds likely to carry them. The matter, 
unfortunately, cannot be left to the common sense of individuals. 
Most countries now' have legislation designed for this purpose. It 
commonly takes the form of either completely preventing the 
importation of any plants or seeds likely to carry certain specified 
pests or ])ermits their importation under conditions amounting to a 
quarantine, when, in the event of an outbreak of the disease in 
question, the plant can be immediately destroyed. In other 
countries, particularly some of our Colonies, which are mindful of 
the fact that the promising new industry in Ceylon of coffee -growing 
was wiped out by a fungus pest, a more or less universal prohibition 
of plant importation is in force. Where this holds, the local Agri- 
cultural Departments only can introduce and test the suitability of 
a new plant for general cultivation. In this country the Destructive 
Insects and Pests Act has from time to time prohibited the importa- 
tion of a comparatively small number of specified plants. It also 
prescribes the measures to be used in checking the spread of a 
number of new or newly introduced pests. 
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In the following section the life history of a number of parasitic 
fungi, together with the symptoms of the diseases they cause and 
the methods used in controlling their spread, are described. Many 
important species have been omitted, and those dealt with have 
been chosen largely because they provide examples of the various 
methods in use for the control of plant diseases. 

MYXOMYCETES. 

Plasmodiophora brassicae, the organism responsible for the 
disease known as “ club-root ” or “ finger and toe,” belongs to the 
group of slime fungi or Myxomycetes. This group appears to be 
related on the one hand to some of the lower fungi and on the other 
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to some of the Protozoa. Its members completely lack the 
mycelium characteristic of most fungi and consist simply of masses 
of multinucleate protoplasm with no defining w'alls. This “ plas- 
modium ” breaks up into small spherical sf)ores. On germination 
these produce amoeba-like swarm s[)ores capable of changing their 
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shape and travelling by a slow creeping movement. Few of the 
species are parasitic. P. brassicae attacks many kinds of Cruciferous 
plants. It is a serious pest on a number of the Brassicae, such as 
swedes, turnips, kohl-rabi and cabbage, whilst other common hosts 
are wallflowers and stocks, charlock and shepherd’s purse. 

The symptoms of the disease are confined to tfie root system. 
On the swollen tap roots of swedes and turnips nodule-like swellings 
are formed which are often grouped together into irregular masses 
(Fig. 57). These hypertrophied tissues remain firm during the 
summer months, but as the autumn advances they decay and form 
a foul-smelling brown mass. By the use of appropriate staining 



Fig. Flrismodiophora brassicae. Finger and Toe. 

Section of a diseasocl portion of the root of a swede showing 
giant cells and stages of spore formation. 


methods the plasmodial stage can be demonstrated in preparations 
made from material collected during the summer. It occupies, for 
the most part, abnormally large cells (Fig. 58), the contents of 
which, in unstained preparations, appear to be normal. Towards 
the end of the summer the mass of protoplasm gives rise to small 
rounded spores which more or less completely fill the “ giant cells.” 
The spores are set free on the decay of the hypertrophied mass of 
tissue. On germination each gives rise to a uniciliate body capable 
of moving about in the soil water. This swarming stage is a tem- 
porary one which soon gives place to a slow moving amcfiboid stage. 
Apparently either can bring about the infection of the root hairs 
or the superficial cells of young roots. Once an entry has been 



FINGER AND TOE 


365 


effected the protoplasm increases rapidly in bulk and it may sub- 
divide to form more than one plasm odium in a cell. As fresh cells 
are penetrated they are stimulated into further development, so 
forming the giant cells and the mass of the gall -like growths. The 
organism is only capable of attacking the root systems of Cruciferous 
plants. Thus, if no such crop and no Cruciferous weeds are grown 
on land contaminated by it, the disease should quickly disappear. 
The omission of swedes from their place in a four-course rotation 
may, however, not be sufficient to stamp out the disease owing, pro- 
bably, to the persistance of the spore stage. 

The disease is particularly prevalent on soils which are deficient 
in lime. Its occurrence is indeed as reliable an indicator of this 
condition as the growth of such weeds as spurrey or sheep's sorrel. 
The fact points the way to one method of controUing the disease. 
This is to apply heavy dressings of fime to the fields,, preferably as 
soon as the infected crops have been removed. A ton an acre is 
not an extravagant dressing, and still more may be used profitably 
on soil which is in a thoroughly sour condition. The use of any 
manure, such as ammonium sulphate, which tends to increase soil 
acidity, is obviously inadvisable. The disposal of diseased crops 
requires careful consideration when attempts are being made to 
eradicate the pest. If the roots are used for feeding in yards frag- 
ments of diseased ones may be dropped into the litter and so find 
their way to the manure heap. The spores they contain are not 
easily killed, with the result that the manure may infect soil in 
which the organism is not yet present. If the roots are fed on 
grassland the chances of their spreading the disease are appreciably 
diminished. They are not entirely eliminated, however, for spore - 
containing soil or manure adhering to the workers’ boots may still 
find its way to the arable land. 

Where crops of transplanted Cruciferous plants are grown, such 
as, for instance, cabbages, Brussel sprouts or swedes for seed pur- 
poses, symptoms of the disease can often be seen on the root systems. 
If no stock above suspicion is available the bundles of seedlings 
should be looked over before taking them to the fields, the infected 
plants destroyed and the roots of the remainder dipped in a 
suspension of lime and clay. 

In gardens soil infected with the finger and toe organism may 
be treated with a dilute solution of corrosive sublimate (one ounce 
in 10 — 15 gallons of water). This may be used with good results 
either for occasionally watering seed-beds or for watering-in recently 
transplanted plants. 

Comparative trials of large numbers of varieties of swedes on 
badly contaminated soil have shown that all of them are not equally 
hea'^y infected. So far, none have been found to be completely 
immune to the attacks of the finger and toe organism. But several 
have proved to be sufficiently resistant to produce good crops 
under conditions in which most kinds fail badly. The most resistant 
sorts are the Danish Bangholm strains and Bruce. Their discovery 
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marks a fresh stage in the control of this singularly troublesome 
pest, for it holds out the hope that plant brewers will be able to 
produce still more resistant t3rpes. 

PHYCOMYCETES. 

Synchytrium endobioticum is responsible for the “ wart disease 
or “ black scab ’’ of the potato. It belongs to a lowly group of 
fungi, one of the distinguishing features of which is that most of 
its members completely lack a mycelium. The fungus body thus 
consists of nothing more than reproductive bodies. The origin of 
the disease is inexplicable at present. Plants attacked by it show 
such obvious and unmistakeable symptoms that its presence cannot 
possibly be overlooked. Yet it was unknown until late in the 
nineteenth century, when it was found in Hungary. It is now 
known to occur throughout Europe, and it has spread, probably 
through the importation of infected seed tubers, to Canada, the 



Fig 59. — Synchytrium endobioticum. Wart Disease of the Potato. 


United States and South Africa. It was first recorded in this 
country in 1900 in Cheshire and Lancashire. From these counties 
it has spread mainly in a northerly and southerly direction and, at 
present, it is confined to approximately the western and midland 
parts of the country. Sporadic outbreaks have occurred in a few 
of the eastern counties, but spreading from these centres of infection 
has been prevented. 

The haulm and foliage of infected plants has a normal appear- 
ance and the disease only becomes evident at lifting time. Then 
the tubers are found to bear rough -surfaced, rounded or irregular, 
tumour-like masses. These “ warts ” vai^ much in size : on 
slightly attacked tubers they are little more than small, rough 
swellings situated invariably on the eyes, but in bad attacks the 
whole surlace of the tuber may be covered with them (Fig. 59). 
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They usually begin to develop at the period when the plants come 
into flower. In the early stages of their growth they are light in 
colour and not unlike pieces of the curd of a cauliflower, V)ut as they 
age they turn to a deep brown or black and quickly decay if their 
surroundings are moist. 

The warts owe their origin to the presence of a resting stage of 
the fungus in the soil which may be the result of the infection of a 
previous crop, or which may have been introduced with the seed 
tubers. This stage is a roughly spherical, thick- walled, dark brown 
“ sporangium,” which, under suitable conditions, liberates its con- 
tents in the form of a number of mobile uniciliate zoospores (Fig. 60). 



Fig. 60. - Wart Diskase of the I^otato {Synchytrium endobiotivum). 

Resting spore.s in various stages of development. 

Should one of these- zoospores come into contact with the un- 
suberized tissue of the eye of a young tuber, infection occurs. This is 
followed by the repeated divisions of the neighbouring cells, result- 
ing in the formation of a mass of succulent tissue which in turn 
is very liable to fresh infections. In this large numbers of sporangia 
but no signs of hyphae develop. These again give rise to mobile 
zoospores which can either re-inf ect neighbouring cells or tubers in 
their immediate neighbourhood or they may act as gametes and 
fuse in pairs. The fusion-products on infecting fresh tissues give 
rise to the thick-walled resting sporangia which are set free in the 
soil on the decay of the warts. They are capable of living for some 
years, with the result that the omission of the potato crop once in 
a four-year rotation will not necessarily free the soil from infection. 
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The continuous growth of the crop on allotments and in gardens 
soon leads to such an accumulation of them that it is impossible to 
produce sound tubers of certain varieties under such conditions. 
Fortunately, though, it was found early in the story of the disease 
that some varieties, even though growing on heavily infected soil, 
entirely escaped it. A method of checking the spread of the disease 
was therefore available almost at its outset. This was promptly 
taken advantage of. The disease was scheduled under the 
Destructive Insects and Pests Act, and the compulsory notification 
of all outbreaks was insisted on. Areas in which the disease was 
present were then defined, and within these the growth of other 
than immune varieties was prohibited. Further, the sale for seed 
purposes of tubers from such crops was forbidden, except in the 
scheduled areas, on the grounds that though free from disease 
themselves, any soil adhering to them might carry infection to un- 
contaminated soil. These measures, which have been subject to 
various changes as the circumstances warranted, have proved 
effective and the disease has been kept out of several of the most 
important potato growing districts. Growers in districts where the 
soil is still charged with the resting stage have, however, to content 
themselves with the cultivation of immune varieties. They can 
choose, amongst others, from Ally, Arran Comrade, Edzell Blue, 
Great Scot, Abundance, Tinwald Perfection, Flourball, Golden 
Wonder, Kerr’s Pink and Longworthy. But the list does not 
include such popular varieties as Up-to-Date, King Edward and 
Majestic. The problem of finaUy controlling the disease rests with 
the production of immune varieties to take the place of these latter. 
The mode of inheritance of immunity and susceptibility has now 
been investigated and found to take place on simple Mendelian 
lines (p. 406), and thus the raising of varieties which the fungus 
cannot attack is a relatively simple matter. The difficulty, how- 
ever, is to raise sorts which, whilst possessing immunity, are equal 
in every respect to the best known. The breeder has to produce 
large numbers in the hopes of finding one or two worthy of general 
cultivation. One of his difficulties is to test the most promising 
forms to determine how they will behave when exposed to wbe 
attacks of the fungus. To overcome this a testing station has been 
established by the Ministry of Agriculture and Fisheries at Orms- 
kirk, in Lancashire, where the new varieties are grown on soil 
deliberately kept in a highly contaminated condition. The results 
of the first trial cannot be considered to be final for, where only a 
few tubers can be tested owing to the scarcity of the stock, there is 
a possibility of their escaping infection, especiaUy in a dry season. 
Immunity cannot, therefore, be guaranteed unless the tests extend 
over two years. This entails a delay in working up stocks of new 
varieties which may be of considerable value to the raisers. To 
avoid this several laboratory methods have been worked out. The 
most rapid of these depends on the fact that if a piece of a fresh 
wart is moistened with water zoospores will soon begin to swarm 
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ove® ite surfaM. li, then, a small fragment is placed in contact 
with an eye which is beginning to shoot, infection, if it is possible, 
will occur ]iiini6di8rtdy snid the results will be visible in &> few weeks. 
The work of multiplication can then proceed immediately with 
every confidence that the new variety will, when tested at Orms- 
kirk, be placed in the official list of “ immunes.” 

Potato Blight . — The potato crop, from the time of its intro- 
duction in Elizabethan days until about the year 1845, does not 
appear to have suffered from this well-known disease. In that 
year it broke out in the Isle of Wight about the middle of August, 
and in the course of a few weeks spread throughout the country 
and Scotland and Ireland. Contemporary accounts state that it 
destroyed between one quarter and one half of the crop. In the 
following year an epidemic started earlier, and was even more 
destructive. In Ireland it was so severe that nine-tenths of the 
crop rotted. The Irish famine of 1846 was the direct result of this 
outbreak. 

Since then the fungus responsible for the disease (Phytophthora 
infestans) has always been present, and though satisfactory methods 
for controlling its spread are well known, it occasionally causes very 
severe losses to potato growers. It attacks all of the cultivated 
varieties of the potato, most of the species related to Solanum 
ivbtroaum, and some other Solanaceous plants, such as tomatoes 
and petunias. The intensity of its attacks differ on different kinds 
of potatoes, but whilst some may practically escape disease in 
favourable seasons, they usually become badly infected when the 
climatic conditions are particularly favourable for an outbreak of 
blight. Such a variety as Evergood, for instance, will often show 
only slight signs of disease, whilst neighbouring crops of Up-to-Date 
or King Edwards are badly attacked, but in a severe epidemic it, 
too, will suffer severely. Another example, now of historic interest 
only, is provided by the variety Champion. This was very generally 
grown in Ireland solely on account of its resistance to the attacks 
of Phytophthora, and even in the epidemic of 1879 it waa only 
slightly damaged. It has now lost its powers of resistance, owing, 
probably, to its having become infected with virus diseases, and 
is consequently of little value. 

The first symptoms of the disease are the appearance of dark 
green, water-sodden patches on the tips and margins of the leaves. 
The patches increase in size and number from day to day, turning, 
as they age, to a dark brown colour. The disease generaUy spreads 
with extraordinary rapidity, and it is not unusual for every plant 
in a field to be infected a fortnight after its first appearance. Whilst 
it spreads the diseased crop has a characteristic musk-like odour. 
The tubers of infected plants show discoloured and slightly depressed 
areas on the surface, and when cut across, rusty-brown stains 
extending inwards from the skin. If stored they decay rapidly, 
but the rotting is the work of other organisms, mainly bacteria, 
which invade the infected tissue. 
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The fungus can easily be obtained for examination by placing a 
few freshly infected leaves in a vessel of water and covering it with 
a bell-jar. A grey coloured, fluffy coating soon develops towards 
the margin of the infected areas. This consists of branching 
hyphae which stand up from the stomata and bear lemon-shaped 
conidia (Fig. 61). A light breeze or the slightest jar is sufficient 

to detach them when ripe. If 



placed in water they give rise 
to a number of minute, bici- 
liate, motile zoospores which 
are capable of germinating 
and under suitable conditions 
of infecting healthy potato 
foliage . In the field these pro- 
cesses occur on leaves covered 
with a film of dew or wetted 
by rain. The hypha arising 
from the germinating zoospore 
pushes its way between the 
guard cells of a stoma, and 
develops a mycelium which 
grows between the cells of the 
host and drives suckers or 
'‘haustoria” into them. 
Wherever it comes into con- 
tact with them the cells die 
immediately and become 
brown in colour. The tubers 


Fig. 61. — Potato Disease F'unous, 
Phytophthora infestana De Bary, 

A, part of interior of lower surface of 
potato leaf, showing mycelium of 
potato fungus ramifying amongst the 
cellular tissues of the leaf. 

B, branches of fungus emerging through 
stomata. 

c, conidia. 

D, conidium germinating and producing 
mycelium. 

E, another conidium, its •contents dif- 
ferentiating into zoospores. 

F, conidium opening, and emitting zoo- 
spores. 

G, free zoospores. 


may be infected through the 
lenticels or possibly through 
slight abrasions of the skin 
caused during lifting opera- 
tions. Their cells are killed 
and discoloured in the same 
manner. But the starchy 
contents are not affected, so 
that diseased tubers can still 
be used for the preparation 
of starch or alcohol. 

In some fungi which re- 
semble Phytophthora infestans 
very closely, thick-walled rest- 


ing spores capable of surviving through the winter are formed. 


These germinate in the following spring, or even a year or more 
later, and thus ensure the life continuity of the fungus, which other- 
wise would be broken by the death of the readily perishable conidia 
and zoospores. Similar resting spores have been obtained in 
laboratory cultures of the blight fungus, but their occurrence has 
not been satisfactorily demonstrated in the open. Many attempts 
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have been made to determine precisely how it overwinters here 
and persists from year to year. That Wected tubers should give 
rise to diseased plants seems inevitable, yet they do not invariably 
or, perhaps, generally do so. The fact that the first outbreaks 
of disease on a farm are frequently to be found on “volunteer” 
potatoes in the immediate vicinity of old potato pits is, however, 
strongly suggestive of their doing so. But whether the mycelium 
passes into the shoots and thence to the developing haulm and 
foliage, where it produces a crop of conidia, or whether these are 
produced directly on exposed infected tubers, is still uncertain. 

It has long been recognized that weather conditions are mainly 
responsible for the severity of outbreaks of potato blight, and that 
damp, muggy conditions, especially during the latter part of July, 
are almost invariably associated with more or less severe epidemics. 
Such conditions are peculiarly favourable for the development of 
the fungus. The motility of the zoospores is clearly dependent upon 
a film of moisture on the foliage and stems, and the more persistent 
it is the better are the opportunities offered for their germination 
and subsequently for their bringing about infection. The atmos- 
phere within the shelter of the crop, kept as it is moisture -laden by 
the transpiration of the leaves, is ideal for their growth. Rain, too, 
splashing on clusters of conidia must help appreciably in trans- 
ferring them from plant to plant. Dry weather, on the other hand, 
is unfavourable for the fungus, for without water the conidia cannot 
germinate, neither can the zoospores bring about infection, and 
they soon die. 

Temperature also plays a decisive part in determining whether 
the disease will spread rapidly once it has made an appearance. 
The activity of the zoospores of the fungus is dependent on it. At 
low temperatures such as 5° — 6® C. they retain their power of 
movement for 24 hours, but as the temperature rises they lose it 
rapidly, and at 24® — 25® C. they cease to move in about 20 minutes. 
High temperatures thus diminish the chances of infection and make 
a severe epidemic improbable. 

The conditions under which outbreaks are most likely to occur 
have now been defined with some accuracy. They are (1) a night 
temperature below the dew point for at least four hours ; (2) a 
temperature not falling below 10® C. ; (3) a mean cloudiness of not 
less than 0*8 ; and (4) a rainfall of at least 0*1 mm. following in 
the next 24 hours. When such occur in Holland warnings of the 
probability of blight appearing are broadcast so that immediate 
steps may be taken to prevent its attacks. 

If it were possible to control these conditions the losses due to 
blight could be largely avoided. This, however, is only practicable 
on the small scale when crops are grown under glass. Fortunately 
there are other methods Available. One of these is to take 
advantage of the fact that in most parts of the country the disease 
does not make an appearance before the middle of July. A crop 
of a rapidly growing early potato such as Epicure may consequently 
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be lifted before it has been exposed to infection. In the Channel 
Islands, Cornwall and parts of Devonshire, where the earliest crops 
are grown, the early appearance of the disease, however, often 
makes it impossible to dodge its attacks. 

The method generally adopted for controlling the disease is to 
coat the foliage and stems of the plants with a thin film of material 
which will kill the zoospores when they come into contact with it or 
germinate on its surface. Compounds of copper make the most 
effective of these fungicides. Two which are used on a large scale 
are Bordeaux and Burgundy mixtures. There is little to choose 
between them from the point of view of efficiency, but the latter is 
often the easier to prepare, as the freshly-burnt lime required for 
making Bordeaux mixture is not always easily available. 

Bordeaux mixture is prepared by mixing together a solution of 
copper sulphate and a fine suspension of lime in water. Its value 
depends largely on the care taken in its preparation. Various 
formulae are in use. To make up 50 gallons of the mixture 4 lb. of 
copper sulphate and 4 lb. of freshly burnt lime may be used. The 
copper sulphate should be guaranteed to be at least 98 per cent, 
pure, and the lime should be “ fat,’* that is free from lumps of over- 
iDurnt vitreous material. The copper sulphate is placed in a wooden 
tub containing 35 gallons of water, and whilst it dissolves the lime 
suspension is prepared. The fii'st step in this process is to slake the 
lime in the minimum quantity of water. This is done most con- 
veniently in a bucket covered with a sack to retain the heat. Then 
when it has crumbled to a fine powder, enough water is added to 
allow of its being worked into a smooth, stiff paste which can, by a 
further addition of water, be reduced to the consistency of thin 
cream . If this is free from gritty particles it may be added directly 
to the remaining 15 gallons of water, if otherwise, it should be 
thinned down further and strained through muslin or a fine wire 
gauze into it. The lime suspension is then added to the copper 
sulphate solution, which should be vigorously stirred during the 
mixing. The resulting sky-blue mixture holds in suspension a 
flocculent, almost gelatinous precipitate which, if the mixture has 
been well prepared, settles out very slowly. Before it is used a test 
should be applied to see that it contains no free copper sulphate, 
which, though efficient as a fungicide, causes damage through 
scorching the foliage. A sufficiently accurate test can be made by 
dipping a clean knife blade into the mixture for half a minute. If 
a film of copper forms on it more of the hme suspension must be 
added to the mixture to get rid of the free copper sulphate. 

In Burgundy mixture the lime is replaced by washing soda. 
Again various formulae are in use. One which is generally satis- 
factory is 6 lb. of copper sulphate and 7 lb. of washing soda to 
50 gallons of water. The ingrediente are dissolved separately 
and mixed as in the case of the preparation of Bordeaux mixture. 

These two fungicides should be used in as fresh a condition 
as possible. If allowed to stand for some time the gelatinous 
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precipitate loses much of its strikingly adherent properties and tends 
to become crystalline in character. Its efficiency is then greatly 
reduced. 

The mixture is applied to the crop by means of spraying 
machines, varying in size from the three-gallon knapsack sprayers 
leadily carried on a man’s shoulders up to power-driven machines 
capable of transporting several hundred gallons and delivering a 
spray at a pressure of 200 lb. No matter what the size or form of 
the sprayer is, it must be so constructed that the mixture is delivered 
in the form of a spray so fine as to be correctly described as mist- 
like.” It will then settle down gently and form a continuous film 
on the upper side of the foliage and haulms. The lower surfaces 
will be coated at the same time by the direct spray from the low-set 
nozzles. When the plants are dry they appear, after being per- 
fectly sprayed, to be covered with an almost uniform, greyish 
bloom. After spraying with nozzles which deliver a coarse spray, 
or when excessive quantities of the fungicide have been used, drops 
form at the tips of the leaves. These, on drying, leave a heavy 
sky-blue deposit. 

The quantity of either mixture necessary to adequately coat an 
acre of potatoes varies widely, both with the worker and the type 
of sprayer used. The limits are about 75 to 150 gallons per acre, 
with some 120 gallons as an average. 

The date at which the crop should be first sprayed varies with 
the season and the district, but as it is required to prevent the fungus 
from establishing itself on the crop the work should be carried out 
immediately before there is a likelihood of its appearing. The first 
outbreaks in the country are nowadays generally reported in the 
press or by the British Broadcasting Corporation, and the informa- 
tion is useful even if it only refers to distant localities, for it calls 
attention to the advisability of having everything in readiness. 
No very precise dates can be given, but the disease may be expected 
in the south-west of the country by the middle of June, or even 
earlier in the milder parts of Cornwall and Devon. Over most of 
the Midlands and along the south-east coast it may appear about 
the end of July, from then until the middle of August in the potato- 
growing districts of East Anglia, and a week or so later in those of 
Yorkshire, Cheshire and Lancashire. 

Fine weather is essential for spraying operations, and no oppor- 
' tunity should be missed of carrying out the work on a still, windless 
day, when the spray mist will settle down uniformly. Once the 
coating has dried thoroughly on the foliage it will adhere for a long 
time, but if rain falls before this happens much of it will be washed 
away and the operation may have to be repeated. As the crop 
grows and further foliage is formed, this, in turn, should be pro- 
tected. This entails a second spraying, generally about three weeks 
after the first, whilst a third spraying may be given a month later. 
The number and time of the applications is determined by the 
weather conditions. 
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The immediate result of protecting the crop from becoming 
infected is that the haulm continues to grow for a longer period than 
it otherwise would. The foliage also continues to carry on ite work 
of carbon assimilation, with the result that larger quantities of 
starch are available for deposition in the tubers. As a consequence 
the crop from a field which has been thoroughly sprayed is larger 
than that from a field in which the foliage has been killed 
prematurely by blight. Many experiments have shown that the 
increased yield so obtained may be about two tons to the acre. Even 
at a low price this wiD more than cover all of the costs of the spray- 
ings. Moreover, the tubers from the sprayed crop will be free from 
disease and consequently capable of being stored without loss. If 
no control of the disease had been effected, zoospores washing 
through the soil would have infected the tubers, and again at fitting 
time, further opportunities of infection would have been provided. 
This latter infection leads to the trouble often known as “ after- 
sickness.” The symptoms of the disease only develop when the 
potatoes have been pitted. Before this work is carried out the 
tubers will have been sorted, and all showing any signs of blight 
wiU have been rejected. But nevertheless rot sets in within a few 
weeks. 

After- sickness can be prevented to a certain extent by late 
lifting, for by then the haulms and foliage will be completely dead 
and the spores they have produced will have perished. Failing 
this the diseased haulm may be cut off and removed from the field 
a week or so before it is required to harvest the crop. In unsprayed 
crops the losses due to the infection of the tubers whilst growing 
may be partially prevented by earthing up the rows heavily. A 
thickness of three inches of soil acts as a fairly efficient filter and 
prevents most of the zoospores reaching the tubers. 

In spite of the unquestioned efficacy of spraying as a means of 
controlling the disease, some growers prefer to run the risk of losing 
a great part of their crops. Their considered opinion is that, on 
the whole, it pays them best to let the disease run its course and 
market the crop as* soon after lifting as is practicable. This is 
necessary owing to the certainty of decay. This practice is due partly 
to the fact that the preparation of either Bordeaux or Burgundy 
mixture is a somewhat troublesome business and partly to the diffi- 
culty of spraying at the proper time. The trouble may be avoided by 
the use of copper- containing fungicides in the form of a fine powder 
which can be distributed over the crop by means of special bellows. 
If the work is carried out early in the. morning whilst the dew still 
persists the mixture adheres satisfactorily. This dusting method, 
though less effective than spraying, gives a fair measure of control 
over the disease. It, too, suffers from the same defect as spraying. 
It can only be carried out properly during fine weather, and it is in 
damp weather that the disease spreads most rapidly. 
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ASCOMTCETES. 

The powdery mildews are responsible for diseases occurring in 
a wide range of host plants. These include most of the clovers, 
swedes, many of the Compositae, apples, pears, roses, gooseberries, 
strawberries, hops, cereals and grasses. The mycelium is super- 
ficial and spreads over the fohage, the young shoots, or occasionally 
the fruits, in the form of a delicate cobweb-like layer. At first 
this is white in colour, but in some species it becomes grey, brown 
or black as growth proceeds. It is fixed to the surface of the host 
plant by haustoria driven through the cuticle of the epidermal cells. 
These also absorb from the host plant the food material necessary 
for the growth of the fungus. Though the invasion of the host by 
the parasite is thus extremely slight, the diseased parts often die 
prematurely and the mildews are responsible for much damage. 
From the superficial weft of mycelium upright branches arise. 
Transverse walls forming in them divide them up into chains of 
elliptical conidia, which are abstricted one after another. At this 
stage the surface acquires the characteristic mealy appearance 
which is responsible for the description of “ powdery ” mildew. The 
coating of mycelium then becomes denser and often changes in 
colour. In the thickened weft small yellow and finally brown or 
black dots develop. These are the cleistocarps or perithecia of tne 
fungus. They are completely closed globular structures containing 
one or more club-shaped asci, within each of which are eight asco- 
spores. The wall of the cleistocarp is formed of a layer of darkly 
coloured close-fitting cells from some of which simple or branched 
appendages grow. The various genera composing the group of 
powdery mildews or Erysiphaceae are delimited by characteristics 
provided by the shape of the appendages and by the number of 
asci within the cleistocarps. As the conidial chains are very 
similar to one another in the different genera it is almost impos- 
sible to classify a specimen of one of these mildews in the absence 
of the cleistocarp stage. Thus the common powdery mildew of the 
vine, which was probably introduced into Europe from America, 
was only fully identified nearly 50 years after its appearance here in 
1845, when cleistocarps were found for the first time in France. 

The spreading of the mildews during the growing season of their 
hosts is brought about by the conidia. When one of these reaches 
the surface of a leaf or shoot of a suitable host plant it anchors itself 
by the formation of a sucker-like disc ; a hypha is then formed 
from which an haustorium is soon driven into an epidermal cell. 
The ascospores wdthin the cleistocarps provide the over-wintering 
stage of the fungus. They are set free explosively in the spring and 
early summer, and on germination they give rise to a weft of 
mycelium similar to that developed from a germinating conidi um. 

The life history of SpJuieroihem mora-uvaty which is responsible 
for the widely distributed disease known as American gooseberry 
mildew, is typical of that of most powdery mildews. 
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The fungus is not indigenous to this country. It was intro> 
duced in 19W into Ireland on gooseberry bushes imported from the 
United States. The disease spread rapidly throughout N. Irelanci 
and in two years time it had established itself in several of the goose- 
berry-growing areas of this country. The first of its symptoms 
appear in May or June in the form of white mildewed areas on the 
young fruits and on vigorously growing young shoots. This dis- 
tribution differs from that of a second mildew, Microaphaera 
grossulariae (European gooseberry mildew), which occurs on the 
same host. In this species the mycelium develops on the foliage 
only. The disease spreads rapidly throughout the summer months, 
particularly on young bushes and on any strongly growing shoots 
of older bushes. Old bushes which make little young wood are 
less severely attacked. The infected shoots often shed their foliage 
prematurely and become dwarfed and mis-shapen. In the course 
of about three weeks, when the formation of conidia ceases, the 
mycelium acquires a dark brown colour. Cleistocarps can then be 
found developing on the surface of the scurfy weft (Fig. 62). Finally, 
on twigs which have over- wintered, it becomes an ashy grey. 

Soon after its appearance the disease was scheduled as a noxious 
pest under the Destructive Insects and Pests Act, and stepks were 
taken to restrict its spread. Growers were required to notify its 
presence in their gardens and plantations to the (then) Board of 
Agnculture, and the marketing of infected berries and the distribu- 
tion of disease- bearing bushes was prohibited. In spite of this fresh 
outbreaks occurred continuously. The fact that they frequently 
started in the immediate neighbourhood of packing sheds suggests 
that infected baskets circulating from one grower to another 
may have been one of the means by which the parasite was spread 
rapidly over the country. The failure to localize the disease and 
exterminate it has led to the necessity of emplo 3 dng control measures 
wherever the crop is grown. The first of these aims at preventing 
the first infection in the spring by destroying the resting stage of 
the fungus. This is effected by cutting off and burning the diseased 
shoots. The operation must not be performed before the middle 
of August, for pruning prior to this generally results in the develop- 
ment of considerable numbers of young shoots, which immediately 
become infected. If postponed too long some of the cleistocarps 
may become detached and fall to the ground. The soil below the 
infected bushes should, therefore, be dug over so as to bury them 
deeply. It is difficult to be certain, especially when large bushes 
have to be dealt with, that every diseased shoot has been removed. 

A protective coating of some fungicide, such as Burgundy mixture 
or lime sulphur, should, therefore, be applied early in the spring. 

A single spraying will rarely give complete control of the fungus, 
and in most cases it is necessary to repeat it. This is especially the 
case where the chances of infection are numerous, as, for instance, 
in plantations in which the disease has been allowed to establish 
itself thoroughly. The preparation of the lime sulphur wash from 
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lime and sulphur is a troublesome process, and it is generally 
advisable to purchase a ready-made supply. This is now obtain- 
able in drums in the form of a concentrate solution which, as an 
indication of its strength, should be guaranteed to have a specific 
gravity of 1-3. To make up the wash one gallon of the concen- 
trated solution should be slowly poured into 29 gallons of water and 
thoroughly mixed. As this reacts on copper, tin-coated spraying 
machines must be used. 



Fig. H2. Sphaerotheai mors -war,. 

A, infected berries. 

B, chains of conidia. 


ni\ii:ni( AN Gooseberry Mildew. 

c, ripe cleistocarps. 

1 ), aecus. 


The first spraying is generally required early in April in order 
to provide a protectory coating for the young shoots. The exact 
date, which wfil vary with the season and the district, is dependent 
on the state of growth of the bushes. A second spraying should 
follow in three or four weeks’ time. This has two functions ; it will 
again serve as a measure of protection and, in the event of infection 
having occurred, it will act as a destructive agent on the superficial 
mycelium. A third spraying is generally advisable some three 
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weeks later. This, however, may leave a thin deposit on the berries 
which, though harmless in itself, depreciates their market value. 
It can be removed by stirring the berries in a vessel of water. 

Lime sulphur used at this strength causes damage to the foliage 
of some varieties of gooseberries, amongst which are Keepsake, 
Crown Bob and Lancashire Lad. When these have to be sprayed 
a more dilute wash should be employed. A suitable dilution is one 
gallon of the concentrated solution to 59 gallons of water, that is, 
half the strength of the normal spraying solution. 

Sulphur- containing fungicides such as the lime-sulphur wash, a 
dilute solution of liver of sulphur, or even sulphur itself in the form 
of finely divided fiowers of sulphur, appear to be especially suitable 
for the control of most powdery mildews. "'But in spite of the fact 
that practically the whole of their mycelium is exposed, the diseases 
they cause are as difficult to contend with as those resulting from 
the attacks of parasites with a deeply- seated mycelium. 

The large group of the Discomycetes, characterized by the fact 
that the asci at maturity are home on open, frequently cup-shaped, 
fruiting bodies or apothecia, contains relatively few parasitic species. 
It includes, though, the genus Sclerotinia, members of which give 
rise to a number of destructive diseases on a wide range of cultivated 
plants. The distinguishing feature of the Sclerotiniae is that they 
form hard, black masses of mycelium known as sclerotia. As these 
are capable of wit^hstanding dessication and freezing they function 
as resting-stages for the fungus. On germination, which is often 
dependent on a preliminary freezing, they give rise to the apothecia. 
Those are generally cup- or saucer-like in shape, and borne on slender 
stalks. The ascospores infect their appropriate host plants directly. 
From the resulting mycelium a conidial stage may or may not be 
produced. In some species conidia are produced ffirectly from the 
sclerotia and the ascus stage may be wanting. The conidia, which 
generally serve the purpose of distributing the fungi rapidly during 
the growing season of the host, may either appear in the form of 
bunches of grapes, as in the well-known Botrytis, or in branching 
chains. 

Sclerotinia Trifoliorum is one of the causes of the common disease 
known as “ clover sickness.*' As the term is also applied to a 
disease brought about by the attacks of an eel worm it would be 
better to describe that due to the fungus as “ clover rot.’* 

The first symptoms of clover rot appear in the autumn months 
on plants arising from sowings made in the previous spring. Older 
plants are rarely attacked. The early stages of the disease, char- 
acterized by the formation of brown spots on the foliage, are not 
generally noticed, and it is only in the late winter and early spring 
that its presence becomes obvious. Then the widening patches of 
dead plants cannot be overlooked. On the upper part of the root 
and the neck of such plants black sclerotia develop which vary in 
size from that of a pin's head to a small pea. fYom these small, 
pinkish-brown apothecia arise either in the late autumn or early 
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spring. They are irregularly saucer-shaped and stalked, the length 
of stalk being determined mainly by the depth of the sclerotium in 
the soil. The ascospores are capable of immediate germination. 
The resulting mycelium formS: a thin floccose white coating on 
infected leaves and round the necks of the plants. It spreads most 
rapidly during wet, mild winters. The hyphae penetrate the plant’s 
tissues and kill the living cells wherever they come into contact 
with them. They do not give rise to a conidial stage, and the 
spreading of the parasite is effected largely by the centrifugal 
growth of the mycelium from plants initially infected by ascospores. 

The fungus attacks red, white and crimson clover, alsike, black 
medick, lucerne, sainfoin and beans. But its attacks are apparently 
confined to these plants when grown as arable land crops, for they 
do not occur on the clovers of long established grassland. Red 
clover is particularly susceptible to the disease. 

In fields where clover-rot has occurred the only method of 
avoiding further losses is to free the soil from living sclerotia. Most 
of these produce apothecia within a year of their formation, but 
some may remain in a 
dormant condition for 
a number of years. If 
the rotation in force 
requires a clover crop 
once in four years then 
it should be omitted 
once so that the soil 
does not carry the crop 
for eight years. By 
then the chances of 
viable sclerotia being 
present are negligible. 

Failing this the more resistant white clover should be substituted 
for red. 

Apple Scab. — The most troublesome pest growers of apples have 
to* contend with is Ytniuria inaequaliSy the fungus responsible for 
the disease known as Apple Scab. The damage this causes to the 
trees is usually slight, though after a severe attack it may appre- 
ciably weaken them. The attack on the fruits is of more serious 
concern to the grower, for though it does not destroy them outright 
it causes so much disfigurement that their market value is heavily 
depreciated. The disease occurs in all of the home apple-growing 
districts as well as being generally distributed in the orchards of all 
apple-growing countries (Fig. 64). 

Its symptoms are usually first noticed on the young foliage on 
which circular, light-grey spots which turn later to a dull olive 
green and finally a black colour are formed. In cold, wet seasons 
they spread rapidly, and by coalescing cover large areas on the 
leaves. When this occurs it is often followed by a premature leaf- 
fall, and early in the autumn heavily infected trees may be leafless. 



Fiq. 63. — Cloveb sickness {Sderotinia tri/o- 
liorum). 


Cluster of apothecia growing amongst the 
remains of a dead clover plant. 
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The fruits are often attacked at an early stage of growth. The 
spotting resembles that on the foliage in being a deep greenish- 
brown or black colour, but a distinct white margin is often visible. 
When attacked severely at an early stage of development they 
frequently fall, and if this should not occur they are dwarfed and 
deformed. Later infection, which may occur throughout the growing 
season, is followed by the appearance of isolated or confluent 
“ scabs. The scabbed portions become hard and often crack, with 
the result that other fungi may find a way into the tissues and 
cause a speedy rotting. The fungus is not confined to the foliage 
and fruits. It is usually present, though often overlooked, on 
young twigs and even on the scales covering their buds. The 
infected twigs may be distinguished by the appearance of the bark. 
That of a healthy twig is smooth, whilst that of one in which the 
fungus is present is roughened and blistered by small masses of 
submerged mycelium. 


The more active form 
of the parasite in this 
country is the conidial 
stage of the Ascomycete 
V enturia inaequalis, 
known before its life his- 
tory had been thoroughly 
investigated as Fusicla- 
dium dendriticum. Sec- 
tions cut through a scab 
or a leaf spot show a thin, 
densely woven mass of 
hyphse from which short 
stalks, each terminating 
in an elliptical or pear- 
shaped conidium, arise 
(Fig. 65). These conidia 
are responsible for the rapid spread of the fungus. They are 
liberated from the infected twigs and bud scales at the time 
when the flowers begin to open and the foliage to expand. On 
falling on to the sepals of a flower, a young fruit or a leaf, they 
germinate and give rise to a mycelium which spreads and forms a 
compact layer in the cuticle from which fresh conidia soon develop. 
Infection may continue then as long as the tree is in an active stage 
of growth. The mycelium formed in the young twigs remains 
dormant during the winter months and so provides for the over- 
wintering of the parasite. This is also effected by the development 
of a perithecial stage which has only comparatively recently been 
found in this country though its existence was established some 
years previously in the United States. It is probably common here 
but overlooked unless especially searched for. Ripe perithecia are 
to be found during the early spring on leaves which have lain on 
the soil during the winter. They are somewhat spherical or 
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flask-like in shape and open by a neck projecting through the upper 
surface of the leaf. Within them is a number of club-shaped asci 
containing eight dark-coloured spores, each of which is divided into 
two unequal portions by a transverse septum (Fig. 66). The 
ascospores are ejected explosively only when the perithecia have 
been thoroughly soaked by rain. For their germination, and also 
for that of the conidia, sufficiently moist conditions to ensure the 
presence of a film of water on the surface tissues of the host plant 
is essential. They also give rise to a cuticular mycelium similar to 
that produced by the growth of the conidia. 

In seasons which are favourable for the disease it is not 
uncommon for 90 per cent, of the fruit to be affected. The loss can 
be largely prevented by the systematic use of fungicides, but though 
it may be possible to reduce it to some 10 or 15 per cent., the produc- 
tion of a scab-free crop is not often effected when the season happens 
to be cold and wet. As a knowledge of the life history of the fungus 
suggests, control measures must be taken early in the season. Before 





Fio. (i5. — Apple Scab ( VetUuria inaequalia). Section showing cuticular 
mycelium and the development of conidia. 

the buds have begun to open infected twigs must be removed, for 
otherwise they will begin to produce crops of conidia as the flowers 
and foliage expand. The destruction of the over-wintering ascus 
stage should also be accomplished by digging in or otherwise dis- 
posing of any dead leaves which may have accumulated under the 
trees. These operations, whilst enormously reducing the chances 
of infection, do not guarantee that it will not occur, for even if the 
resting stages are entirely eliminated there is always the possibility, 
if not the certainty, of air- borne spores coming from distant centres 
of infection. From the time then that the buds open until well on 
in the season, the actual length of time depending on the wea.ther 
and local circumstances, foliage, fruit and growing twigs must be 
kept coated with a suitable fungicide. The usual routine is to spray 
the trees first of all at the “ pink-bud ” stage, that is before the 
flowers actually open, then soon after the fall of the petals, and 
again at an interval of about three weeks. These three 8 pra 3 rings are 
generally necessary, and in seasons when the disease is more than 
usually virulent yet another is advisable. If for any reason one 
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bB8 to be omitted it should be the third spraying. Two fungicides 
are used for the control of the disease neither of which are, unfor- 
tunately, completely satisfactory. These are Bordeaux mixture 
and lime sulphur. The former is perhaps the more effective, 
though it has the disadvantage that it has to be prepared afresh 
for each spraying, whilst the latter can be 
obtained ready made and stored on the premises 
in anticipation of its being required. Bordeaux 
mixture, however, may cause scorching of the 
foliage and russetting of the fruit, which, in the 
case of a few varieties such as Cox’s Orange 
Pippin, James Grieve, Beauty of Bath and 
Gladstone, may be so severe that its use is inad- 
visable. The difficulty may be avoided to a 
considerable extent by the use of a modified 
mixture containing an excess of lime. This is 
made up of four pounds of copper sulphate, 
twelve of freshly burnt lime and 50 gallons 
of water, using the same method as when pre- 
paring the ordinary mixture (p. 372). Failing 
this the lime sulphur wash only should be used 
on such scorch-susceptible varieties. Even this 
(Venturiainaegualis). may damage the foliage of some varieties, such 
ascuB stage. as Newton Wonder, and its use is often followed 
by a considerable, though not necessarily serious, 
increase in the amount of fniit falling in June. The normal 
strength is one gallon of the concentrated lime sulphur solution 
diluted with 29 gallons of water, but where it is to be used on 
varieties which are particularly sensitive to spray damage half the 
“ summer-strength,” or one gallon of the solution to 59 gallons of 
water, should be employed. 

THE UREDINEAE OR RUSTS 

All of the members of this large and complicated group of 
fungi are obligate parasites. They do not, as a rule, bring about 
the rapid destruction and death of the host plant’s tissues, which 
is so characteristic of the attacks of Phytophthora or Sclerotinia 
for instance. In fact tissues invaded by their mycelium occasion- 
ally grow with great vigour and leaves and stems may become abnor- 
mally thickened and contorted. But the result of the invasion is 
always the more or less complete cripphng of the host and often 
its premature death. This and the fact that their wide range of 
host plants includes some of the most important crops makes the 
group one of exceptional economic importance. 

The life history of the rusts differs markedly from that of all 
other groups of fungi. The uredo-stage which, on account of its 
rusty -red colour has given the group its popular name, consists of 
thin-walled, unicellular spores with clearly defined thin patches or 
germ pores in their walls, through one of which the first hypha is 




life history of rusts 

protruded. TRey germinate rapidly wRen conditions are iavour- 
able. The germ tubes push between the guard cells of the stomata 
and form a small vesicle in the intercellular spaces below from 
which fresh hyphse arise. These push their way between the ceDs 
of the host plant and drive simple or branching haustoria into them. 
In from seven to ten days the mycelium produces a crop of uredo- 
spores which, after rupturing the epidermis, form a fresh centre for 
further infection. The uredo stage thus serves for the rapid dis- 
persal of the fungus. It is followed by the teleu to stage, consisting 
of thick-walled, dark coloured t^eutospores which in some genera 
of the Uredineae are single-celled, in others hi- tri- or multi-cellular. 
These usually function as resting-spores. On germination they 
give rise to a short transversely septate basidium, each section of 
which produces a single basidiospore on a slender stalk. The 
basidiospores in turn infect their appropriate host plant by driving 
a germ tube through the cuticle. The host plant may be of same 
kind as that which produced the teleutospores or it may be of a 
totally different kind. For example, the teleutospores of the lust 
on junipers lead to the infection of pears, those of the rust on plums 
of anemones, and those on the sedge of gooseberries. Rusts requir- 
ing two distinct kinds of host plants to complete their life cycle on 
are described as heteroecious, whilst those for which a single kind 
is sufficient are homoioecious. There is no obvious relationship 
between the hosts required by the heteroecious rusts and the 
elucidation of their life histories has only been effected by lucky 
observations or by lengthy infection experiments on every possible 
alternate host. 

The mycelium arising from the infection by basidiospores 
produces aecidia. Each aecidium. when mature, is a white -frilled, 
cuplike structure containing chains of spores which, seen in the mass, 
are of a bright orange colour. The individual spores are thin- 
walled, single- celled, and capable of immediate germination. The 
mycelium they give rise to quickly produces a crop of uredospores 
on the same kind of host plant in the homoicecious species, and on 
the alternate host in the case of the heteroecious rusts. Thus, the 
aecidiospores which have been produced on garden anemones give 
rise directly to the common rust of plum trees. The lack of the 
requisite alternate host breaks the life cycle of the rust, and, conse- 
quently, an obvious method of controlling their spread becomes 
available. Mixed with the aecidia are minute flask -shaped struc- 
tures or sperm ogonia, from which large numbers of spennatia are 
exuded in a drop of sweet-smelling nectar.” The spermatia play 
an important part in the development of the rusts. The mycelium 
arising from infection by a single basidiospore forms perfect spermo- 
gonia and the rudiments of aecidia. But the complete develop- 
ment of the aecidia is dependent on the mingling of nectar from the 
spermogonia resulting from more than one infection. This is 
generally effected by insects. There are thus + and — or male and 
female strains in the rusts. Whilst aU of these spore stages occur 
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in the majority of the rust species, the life history of some has been 
simplified by the omission of one or another stage. The common 
rust of hollyhocks and mallows {Puccinia malvacearum) provides an 
extreme example, for the teleutospore, with its accompanying 
basidiospore stage, is the only one produced. 

The rusts attacking the cereals form the most important group 
of pests cultivators have to contend with. Foremost amongst these 
is the “ black ** or “ stem ** rust, Puccinia graminia. It attacks 
wheat, barley, oats and rye and a large number of grasses. In 
Europe the uredo-stage usually appears in June or early in July in 
the form of elongated reddish-brown pustules on the foliage, leaf- 
sheaths and stems, and ocoasionaUy on the ears. If the environ- 
ment is favourable the spores germinate quickly and new pustules 
develop in from seven to ten days. As long as green shoots are 
available successive crops may be formed. The pustules, when 
about a fortnight old, often coalesce and produce elongated lesions 
filled with black, powdery, teleutospores. These are thick- walled, 
two- celled and tapering at the apex. After hibernating through 
the winter they form basidiospores, which produce the cluster cup 
or aecidial stage on the barberry which, in turn, gives rise to the 
rust on the cereals or grasses (Fig. 67). 

The black rust cannot, however, spread indiscriminately from 
one cereal to another or from the grasses to the cereals. It is a 
composite species which includes a number of morphologically 
similar “ biologic species,'' each of which is more or less rigidly 
confined to its own special host or group of host plants. The dis- 
tinction persists even in the aecidial stage, which is common to all 
on the barberry, and thus, if this developed as the result of an 
infection from the black rust on cocksfoot, it is incapable of 
producing rust on wheat. The chief biologic species occurring on 
the cereals are : — 

P. graminis Tritici on wlieat. This form is not quite so sharply differ- 
entiated as those following, for it is capable of feebly infecting barley 
and rye. 

P. graminis Avenae on oats. Whilst incapable of infecting the other 
cereals it can attack cocksfoot and a few other grasses. 

P, graminis Secalis on rye and barley. It also occurs on couch grass and 
some other grasses but ne\'er on oats or wheat. 

Generally speaking these species are morphologically identical with 
one another, and apart from their occurrence on different hosts they 
can only be distinguished by means of direct infection experiments. 

The intensive study of the rusts which is now being made in the 
United States, Canada and Australia, with the object of finding 
ways and means of saving the cereal crops from their depredations, 
has shown that each of these biologic species is in turn an aggregate 
of biologic forms. When two similar series of wheats are inoculated 
with uredospores of P. graminia tritici obtained from two distinct 
sources the results are often different. Thus the rust from one 
source may fail to infect some of the wheats, whilst that from the 
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second source attacks them readily, or vice versa. Or again, the 
rust from one sourc^e may produce a heavy infection on one wheat 
and that from the other only a slight one. Where the experimental 
conditions have provided an identical environment for the dupli- 
cated series of wheats the only explanation of this phenomenon is 
that there is more than one sort of the wheat stem rust. 
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and led to the recognition of about one hundred distinct biologic 
forms. To each of these a number has been assigned. The com- 
plete" identification of black rust is only possible when its behaviour 
on the standard wheat series has been determined, for morphological 
differences between the numerous forms are at the most slight and 
generally non-existent. The demonstration of the complex nature 
of the black wheat rust has led to an explanation of the puzzling 
phenomenon that wheats immune to its attacks in one country 
were often susceptible when grown in others. Their power of 
resistance has not broken down under the new conditions, as was 
often assumed, but the}^ have been exposed to and succumbed to 
the attacks of a very different parasite. 

The losses caused by black rust occasionally assume fabulous 
dimensions. Thus the Canadian crop in 1916 was only some 
27,5(X),(X)0 quarters as compared with the previous year's crop of 
47,000.000, the difference being due almost entirely to an intense 
outbreak of the disease. The severity of these rust epidemics is 
determined mainly by climatic conditions which, even now, are 
none too clearly defined. In Canada their starting point is provided 
by a rain of wind -borne uredospores, carried by air currents, which 
hav e passed over infected crops in the United States. The date of 
the first infections can consequently be predicted from meteoro- 
logical data. The ideal conditions for successful infection are cool 
nights and heavy deposits of dew in which the spores germinate 
freely. After infection warm and somewhat dry weather favour 
the development of the rust. 

The control of the disease has proved to be difficult. On the 
small scale dusting with flowers of sulphur gives useful results, but 
until a technique of dusting crops from the air has been developed 
and wheat prices justify a greater expenditure its use cannot 
become general. The extermination of the alternate host, the bar- 
berry, was recommended as a means of control a century and a half 
before the life history of the fungus was know n. It was even enforced 
by legislation as early as 1756 in Massachusetts. In some of the 
American States where the destruction of bai berries has been carried 
out on a large scale for a long period, the main result has been to 
delay the appearance of the uredo-stage for some two or three 
week.s, when infection by wind-borne spores from districts where no 
such precaution has been taken has masked the value of the opera- 
tion. The rust, moreover, can survive without completing its life 
cycle on the barberry as long as plants are available for the pro- 
duction of uredospores or as long as these are not killed off by 
adverse climatic conditions. This state of affairs obtains in 
Australia, where the barberry is unknr>w'n, and in the Southern 
United States. 

The ])Ossibility of raising wheats which are resistant to the 
attacks of Iflack rust are now being wddely investigated. At present 
none f*f the bread wheats are re.si.stant to a sufficiently large number 
of its biologic forms to be counted upon for the production of 
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rust-free crops. But a pronounced immunity has been found amongst 
the members of two other groups, namely, the macaroni wheats 
(Triticum durum) and the emmer wheats (Trilicum dicoccum). 
Certain varieties of these have been found to come practically 
unscathed through the severest of epidemics. 

After many attempts their rust-resisting power has now been 
built b}^ plant- breeders into typical bread wheats, and the founda- 
tions have been laid for securing new t 3 pes suitable for cultivation 
under various conditions. Once their cultivation can become 
general the menace of black rust will largely disappear. 

The disease is of far more importance abroad than in this 
country. It was at one time very prevalent here, but for the last 
half century' it has done little damage. In fact in some seasons it 
is difficult to find on wheat When it appears it is generally too 
late in the season for much damage to result, except on croy>s which 
have been sown abnormally late or which have .slowly recovered 
from the damage cau.scd by such a pest as tl)c wheat bulb Hy. 

Pitccinia gbnunnnn , the yellow rust, is the common rust on 
''heat in this country. Biologic species of it exist also on bailey, 
rye, and a number of grasses. That on wheat again ]>robably con- 
sists of a number of biologic forms. The rust is easily distinguished 
from the previous species by the deep cadmium yellow colour of 
the urcdospores The individual yiustules are small and < lo.sely 
crowded together, often in linear patches. In severe epidemics the 
whole of the leaf surface may be covered with them. They occur 
also on the leaf sheaths, the awns where |)it‘Hent, the gluine^J and 
also the grain. The tf'i(*utospore stage is <lark grey or black in 
colour, and the sori lack the white frill of ruptured (‘pidermis char- 
acteristic of those of the black rust. The teleutf^spores are capable 
of immediate germination, but up t-o the present all attempts to 
infect either wheat or any other plant with their siioridia liave 
failed. It is possible, tluuefore, that the yellow lust has n(> aecidial 
stage. But as w heat is not indigenous here, the possibility I'cmains 
that there is an alternate host plant in the eonnlry where it 
originated. 

The intensity of the ru.st attack differ.^ greatly from year to 
year. In some seasons it is so bad tliat the soil below the crop is 
coloured by the spores, w hilst in otlu rs only feebly dev»^loped pustules 
cun be found. Foliage w'liich is heavily rusted cannot function 
no» 'naiI\. and tlu* yield of giain cons<*iju(.*in ly falls off considerably. 
Moreover, tie* grain is badly filk'd. and an utiduly large proportion 
of it consists of tail wheal. 1’h^ straw' of badly di-ea*:ed plant? is 
diseoloiired. charar-te)’i>t ically .sponcx m texture, and light in weight. 
In England crops aie only e.xceptionaliy killed entirely by tlie rti&l, 
but attempt N to grow Asiatic and Australian wheats here arc often 
brought to notlniiii by the severity of its attacks. 

Climatic condition.-^ ]>lay an imporMiit part m determining the 
inten.siiy of yellow * nst ej»irlcuiu s. Fhe development of the fungus 
is favoured by cook luoLst weathei , and in hot, dry weather it makes 
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iittle progress. In this respect it differs markedly from black rust. 
Soil conditions, too, have a great influence on the extent to which a 
crop is attacked. The fungus is always most abundant on crops 
growing on rich, well -farmed land, especially when nitrogenous 
manures have been used in an attempt to secure a large crop. Under 
such conditions rust is generally the limiting factor in crop pro- 
duction. A starved crop, on the other hand, may only show slight 
traces of the disease even in a rust year. The Broadbalk field at 
Rothamsted, with its series of differently manured wheat plots, 
often shows a striking lack of uniformity in the intensity of the 
rust attack, the unmanured controls being more or less rust free 
and the plots heavily dressed with nitrogenous manures orange 
with uredo pustules. 

The starting point of epidemics in this country is almost 
certainly provided by the over- wintering of the uredo-stage. The 
uredospores remain viable for a long j)eriod under our usual climatic 
conditions, though a spell of hot, dry weather in the early autumn 
may bring about their wholesale destruction. Further, an almost 
continuous supply of host plants is available owing to the necessity 
for sowing wheat during the autumn months. A diligent search 
during the winter generally reveals scattered pustules on the pros- 
trate foliage. The rust, however, makes little progress during the 
cold weather, and it is only exceptionally that heavy infection 
occurs by the end of March. More generally the epidemic begins 
to become severe towards the end of May. and the uredo stage then 
continues' to develop as long as any green foliage is available. In 
the event of failure to over-winter, fresh infection can undoubtedly 
be brought about by wind-borne spores produced on rust-laden 
crops in France and Spain. 

The only method which is available at present of avoiding losses 
through the attacks of rust is by growing varieties of wheat which 
are not markedly susceptible to its attacks. Most of those grown 
here show a certain measure of resistance, though they are by no 
means immune to rust. Rivet wheat and Little Joss are the two 
most resistant varieties in cultivation at present, but a heavy 
infection can be induced in both of these by generous applications of 
nitrogenous manures if the climatic conditions are favourable for 
the rust. A far greater power of resistance, amounting apparently 
to real immunity, is to be found amongst the Club wheats (Triticum 
compactum) . None of these are suitable for cultivation in this 
country. They can, however, be* crossed readily with most English 
wheats, and attempts are now being made to make use of the fact 
that resistance to yellow rust is a sharply inherited Mendelian 
factor to build it into wheats suitable for growing under English 
conditions. 

The immunity of some kinds of wheat to the attacks of rust is 
not associated with any recognizable morphological feature. It is 
dependent upon some constituent of the cell sap which has a toxic 
effect upon the mycelium of the fungus. When uredospores 
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germinate on a wheat leaf the geim tubes push between the guard 
cells of the stomata, forming vesicles in the air spaces immediately 
below them. From these hyphae arise which push their way 
between the cells. Then haustoria are driven through the cell walls, 
so bringing, for the first time, the fungus into direct contact with 
the cell contents of its host plant. The immediate result is the 
death of the invaded cell and of the mycelium. In a susceptible 
variety, on the other hand, the penetration of the cell wall appears 
to have little effect on the cell itself, whilst the hyphae start away 
into vigorous growth. All attempts to identify the toxic material 
have failed up to the present. 

Purcinia coronata is a not uncommon oat rust in the northern 
and western parts of the country. But except when infection 
occurs at an early stage of growth its effects are not serious. The 
fungus can be distinguished from the black rust of oats by the 
characteristic crown -like thickened processes at the apex of the 
teleutosp)ores. The aecidial stage develops on the buckthorn 
( Rhamnus catharticus ) . 

THE USTILAGINEAE OR SMUTS. 

The diseases popularly known as ‘‘ smuts ” are caused by mem- 
bers of the group of fungi known as Ustilagineae. The chief species 
of agricultural importance form their spores (brand spores) in tho 
ovaries of the various cereals. Some of those which attack the 
grasses, however, form their spores in the leaves or the leaf sheaths, 
whilst spore formation in some other members of the group is 
localized in the stamens. The brand spores may bring about 
infection directly, but on germination they generally give rise to 
either a short septate or non -septate basidium from which basidio- 
spores are abstricted either laterally or terminally. These often 
fuse together in pairs. A hypha then develops which may serve 
to bring about infection or give rise to a spore-bearing mycelium. 
Though sharply confined to their particular host plants, some of 
the species have proved amenable to cultivation on sjTithetic 
media. 

The majority of the smuts have singularly little effect on the 
general health of their hosts which, though infected in the seedling 
stages, show no symptoms of disease until the early stages of grain 
formation occur. 

Tilletia caries is the fungus responsible for the disease of wheat 
known as “ bunt ” or “ stinking smut.’' The brand spores develop 
only in the ovaries of infected plants. They are spherical in shape, 
with thin, dark coloured walls covered by a network of sharp -edged 
ridges. If placed on a moistened surface they germinate readily, 
giving rise to short, non-septate hyphae, bearing at their apices a 
cluster of narrow, sickle-shaped spores. The whole structure 
is a “ basidium ” and the spores “ basidiospores.” The spores 
frequently fuse together in pairs and then give rise to a mycelium 
or possibly secondary spores (Fig. 68). 
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The infection of the host plant occurs only at the seedling stage. 
The hj^phae arising from the germinating basidiospores penetrate 
the coleoptile and then work their way into the tissues of the stem 
apex. As the stem elongates the growth of the mycelium keeps 
pace with it, so that h3Tikae can alway^s be found in the terminal 
growing point. When the flower rudiments begin to form it pushes 

its wa\’ into the tissue which 
would normally give rise to 
the ovary, and it is only ex- 
ceptionally that one or two 
are missed to develop later 
into normal grains on an 
otherwise bunted ear The 
brand spores are fornu*<l by 
the .segmentation of these 
hyphae. 

The presence of the disease 
cannot be detected until the 
affected plant comes into 
flower. The young ears are 
then of a slightly darker 
green colour than those of 
normal {)lants, and the 
glumes open out a little more 
widely. In some forms of 
wheat the ear shape alUTs 
a})preciably. bunted ears as 
a rule i)eing laxer than healthy 
ones. A further symptom is 
afforded by the presence of 
small flies hovering about in- 
fected ears. The grains are 
deep green in colour, and, 
when crushed, are found to 
he filled with a black, greasy 
mass of 8])ores which has an 
unmistakable fishy smell 

As the plant ripens the 
.symptoms heeome less clear, 
and bv harvest time it is often 
difficult to pick out infected 
specimens. Meanwhile the 
spore-containing grains mature, developing into rounded structures 
of a pale, rusty-grey colour. These “ bunt- halls” may be broken 
during threshing or they may find their way uninjured into the 
grain. They can readily be removed by a powerful draught during 
winnowing. But this removal does not make the grain fit for 
sowing, for during the threshing operations many of the bunt balls 
will have been broken and the spores within them set free in the 



A, germinating sporcg of the oat smut, 

Ustilago avcTiae showing the develop- 
ment of the septate basic hum and 
spondia. 

B, germinating spores of bunt of wdic'at. 

Till etia caries with terminal, sickle- 
shaped spondia some of which have 
fused in pairs. 
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form of a black dust. Some of this adheres to the grain, lodging 
particularly in the crease or in the brush of hairs at the apex. A 
grain sample which is heavily infected will consequently show 
discoloured grain tips. It will also have a characteristic fishy 
smell. Where the infection is slight the discolouration is so slight 
that it can easily be overlooked, and a careful examination may be 
necessary to detect it. The simplest method for conducting this 
is to moisten a few grains with alcohol and then add a few drops of 
water. The violent agitation tears away the spores, which 
can readily be dek'cted on mounting a drop for microscopic 
observation. 

Seed wheat offered for sale is very frequently contaminated with 
this disease * and steps should always be taken, unless there is a 
certainty that it is bunt-free, to disinfect it before sowing. Methods 
for doing so have been in use for many centuries. These involved 
steeping the grain in a solution of some substance which would kill 
the spores without injuring the grain. Foremost amongst these 
was a strong solution of common salt. This gave way to a steep of 
copper sulphate, generally used at a concentration of two per 
cent., which is still in use though it is rapidly being replaced by a 
dilute solution of formalin. One pint of formalin to 40 gallons of 
water is amply strong enough for the purpose. Where heavily 
infected grain has to be dealt with, the best method of using either 
of these steeps is to partially fill a wooden tub with the solution 
and then shoot the grain into it, stirring it about so that any bunt- 
balls may float to the surface. These should be skimmed off, for 
the fungicide does not penetrate them readily, and should they be 
broken a fresh infection of the grain may occur. 

If, however, a careful examination has shown that no bunt- 
balls are present, the grain may be put into a porous receptacle, 
such as a wicker basket, for immersing in the solution. Twisting 
the basket will ensure that the surface of every grain has been 
thoroughly wetted. The moist grain has then to be spread on the 
barn floor to dry sufficiently for drilling. A still simpler method 
for treating slightly contaminated seed- wheat is to pour the steep, 
at the rate of one to one and a half gallons to the sack, over a heap 
of it on a clean floor, turning it repeatedly to ensure a thorough 
wetting. If a formalin steep is being used the heap should then be 
covered for a few hours with sacks soaked in the solution before the 
grain is dried off for sowing. 

Either steep, if properly used, is very effective, and the damage 
it causes to the germinating capacity of the grain is negligible. The 
use of 8teej)s, however, is a little troublesome, and it is in turn giving 
way to the use of powdered fungicides. These have the adv^antage 
that the grain can be dressed before sowing time and set aside to 
await favourable weather conditions. Copper compounds such as 


* In 1922 33 per cent, of the Fuimples examined at the Offloial Seed 
Testing Station o6ntained bunt spores. 
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copj)er carbonate and copper acetate, and organic mercury com- 
pounds such as uspulun and ceresan are coming into general use. 
The powder is mixed with the grain, and a thorough coating is 
effected by agitating it in a revolving drum. Tliis involves the use 
of a machine not to be found on the majority of farms. It is then 
a welcome sign of progress to find that some seed firms are recog- 
nizing their responsibility to their customers and offering ready- 
dressed seed wheat for sale. Were such seed obtained when the 
purchase of seed wheat becomes necessary, and were the practice 
of seed dressing consistently carried out, there can be little doubt 
that this troublesome disease could be practically exterminated. 
Until it is, an appreciable percentage of the crop will be destroyed 
each season and, w^hat is pen.aps ot more importance, lower prices 
will be received for bunt- contaminated grain. These are entirely 
justified for it has to be freed from the foul-smelling taint before it 
can be converted into dour. 

In the genus Ustilago the brand spores produce a transversely 
septate basidium on w'hich are borne small rounded basidiospores. 
Distinct species occur on wdieat, oats and barley, and there is 
evidence that, as in the rusts, the species are aggregates of biologic 
forms. The brand spores are smaller than those of bunt, their 
dimensions being 5 — 8 fi as compared with 16—22 /i. 

Ustilago triiici is responsible for tlte particularly troublesome 
disease known as the ‘‘ loose .^mut ” of wheat. The symptoms 
differ from those of the slinking smut inasmuch as the soot -like 
mass of spores is set free by the breaking down of the ovary walls. 
This occurs at the time when unaffected plants are in full dower, 
and by the time that their grains have begun to swell all that 
remains of the ears of infected plants is the blackened rachis. No 
spore masses are, consequently, harvested with the crop. The 
small spherical wind-borne spores are caught on the feathery stigmas 
of the wheat dowTrs. They germinate directly on them giving rise 
to a mycelium which travels downwards into the ovary and thence 
into the d^v loping embryo. In spite of the invasion, the grain 
develops normally, and when mature it differs in no way from an 
uninfected grain. The presence of the disease cannot, therefore, be 
detected by a simple inspection of grain samples. The infected 
grains germinate normally, the mycelium of the smut again growing 
upward with the apices of the main and lateral shoots, and forming 
brand spores at the flowering stage of the normal plant. 

If the presence of the disease is suspected in seed w'heat steps 
can be taken to eliminate it. Steeps like formalin or copper sulphate, 
which only kill superficial spores, are obviously useless. The 
one effective method, known after its discoverer as Jensen’s method, 
depends u])on the fact that the mycelium within the embryo can be 
killed at a temperature which has little or no effect upon the embryo 
itself. The critical temperature is from 52'’ — 54® C. (or 125® — 
129® F.). The first operation is to steep the wheat in water for 
about four hours and then transfer it to water at a temperature of 
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about 45® C. It should remain in this for about ten minutes so as 
to be warmed sufficiently to prevent a considerable drop in the 
temperature when it is transferred to water at a temperature of 
54® C. The temperature must be held as nearly as possible at this 
level by the addition, when necessary, of more hot water. After 
steeping for ten minutes the grain should be spread thinly on a 
barn floor to allow it to dry off before sowing. The process is 
troublesome and it requires careful supervision, for a temperature 
below 50® C. has little effect on the fungus and a tern})erature a 
degree or two above 54® C. leads to a considerable impairment of 
the germinating capacity of the grain. Though there can be no 
doubt about its efficacy when carefully carried out, it is generally 
advisable to r« ^rain from saving seed wheat from an infected 
crop. 

Ustilago avenae causes the very prevalent disease known as the 
“ loose smut ” of oats. The inflorescences of infected plants are 
usually cornpleUjly destroyed at the flowering stage. As a rule the 
powdery, black mass of brands] lores is more or less entirely Vjlown 
away by the wind or washed away by rain. Some infected ovaries 
may, however, remain intacit, and they are then harvesUni with the 
crop. The disease is sj)read by brandspores which have found 
their way on to the ])aleae at fiow'cring time or possibly during 
threshing. They bring about the infection of the seedling plant in 
the same manner as the brandspores of bunt, infection taking place 
witli th(^ greatest certainty at comparatively low temperatures. 
The [presence of the disease is easily overlooked in grain samples. 
It can be controlk*d by dressing the seed corn with a dilute solution 
of formalin, tr(‘atment is (*ffective though it does not always 

result in i completely disease-free crop. 

A second species, Vstilago laevis or “ covered smut,” is less 
frequ(*nt in this country. 

The l)arl(‘v croj) is also subject to the attacks of two di.stinct 
species of smut (■Milaga hordei, the “ covered smut,” and L Milago 
nvda, thi* “ h>os(‘ smut.” Both are very generally distrib\ited. In 
the former the infcct<‘(l grains, in spite of their translucent, papery 
coverings, do not break uj) readily. They are consequently 
harvest(‘d w ith the crop, and their shattering during threshing often 
leads to a serious discolouration of the grain. In the latter the 
brands})ores are set fr(*e at the flowering .stage. 

Th(^ covens! sm\jt is jio.ssibly the commoner form. Its life 
history and the metiiod used in controlling its attacks arc similar to 
those of Ustilago aitnae,. The loose smut, however, resembles 
Ustilago tritiri in infet ting the developing embryo, and the disease 
can only be controlled by the use of Jinsen’s hot water method. 
When enqdoying this the temj>erature must be kept as closely as 
])Ossibie at 51"" (\ (124® T.). (irain from a crop which is only 
slightly inf(‘Ct(‘d .should he disjio.scd of for other than seed pur})o.ses 
unless thi.s treatment can be given to it, for the di.sease accumulates 
very quickly. Afi almo.st unnoticeabie infection may, unless 
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cht'cked, lead to a serious loss of crop if seed is saved for two 
successive seasons. 

HYMENOMYCETES. 

Silver-Leaf Disease. — One of the diseases which has become of 
considerable importance of late years to fruit growers is that known 
as Silver-Leaf. The popular name i.s descriptive of one of its most 
important symptoms, namely, the characteristic and unmistakable 
silvery sheen of the foliage of infected trees. In the early stages of 
an attack the silvering is generally confined to a single branch. If 
immediate steps are not taken to deal with the disease it spreads 
rapidly from branch to branch. The infected branches die and 
ultimately the whole tree succumbs, the time ela})sing between the 
first silvering of the foliage and the death of the tree depending on 
a number of factors of which the variety of the tree is probably the 
most important. Whilst this is the general course of disease, some 
cases are on record of trees making a recovery. It is not until the 
death of the brandies that the fungus responsible for the disease, 
Stereum purpvreum, becomes visible. On these, or in severe cases 
on the trunks of trees, the fungus develops its sporophores. 

The disease occurs on a considerable number of trees belonging to 
the Rosaceae. Its most important host plants are plums, greengages, 
damsons and apples, but it has also been recorded on cherries, 
peaches, apricots, sloes and Portuguese laurel. Its attacks are not 
confined to this group of plants, however, and it has been recorded 
on such diverse hosts as tree lupins, laburnums, currants, goose- 
berries and horse chestnuts. It is, however, as a disease of the 
plum, and especially of one of its most generally grown varieties, 
the Victoria plum, that it has become of sufficient importance to 
warrant tlie compulsory application of measures for its control. 
The disease is now scheduled under the Destructive Insects and 
Pest Acts. 

The first signs of the sporophores are firm, purple- coloured 
masses oozing out from cracks in the bark of the dead branches or 
tree trunks. The final form they a.ssume is dependent on the 
position in which they develop. If on a more or Jess horizontal 
surface they form fiat incrustations an inch or two in length, but 
when growing vertically a part only is attached to the bark, the 
remainder growing out at right angles to form a bracket-like pro- 
jection about half-an-inch in width. These brackets are usually 
formed in considerable numbers and arranged in over-lajiping tiers. 
The colour of the sporophores distinguishes tlicm at once from other 
species of 8tere\im, some of which arc common on dead wood. In 
the fresh condition the ex])o.sed face of the incni.sted forms and the 
lower face of the bracket-like forms is a clear lavender-purple colour. 
It is a fugitive colour, how'cver, and as the .sporo])hores age they 
acquire a greyish buff shade. The free upjier face of the brackets 
is densely hairy. The texture of the sporophores is tough and 
leathery. They are built up of densely woven hyphae which, on 
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face away from the substratum, give rise to a clearly defined layer 
or “ hymenium ” of basidia, each of which bears four minute 
elliptical basidiospores. These spores are shed when the s])oro- 
phores are in a damp condition, but as they dry up the discharge 
ceases, only to be renewed when they have again become swollen 
with moisture. Spore dispersal consequently goes on for a long 
period so providing the parasite with unusually good opportunities 
for distributing itself. The basidiospores are incapable of bringing 
about the direct infection of healthy tissues, and in order to initiate 


an attack of the disease they must come into contact with a wounded 
surface, such as results from the cracking of branches dunng picking 

operations, wounds for- 
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ill! nr ntli " if o” pruning or from 

t germination of the spores 

r'h and the subsequent estab- 

lishment of the fungus 
takes place most readily 
on newly formed wounds, 
mycelium first at- 

jlv i'l tacks the exposed tissues, 

invades the 
' (Jj wood below. As it spreads 

WV '■•.''if •! ' ' through the wood its 

position is defined by a 
brown stain resulting 
from a gummy substance 
produced by the destruc- 
' tion of carbohydrates in 

^ A ^ lignified walls. The 

A discolouration provides a 

fIm®''* valuable guide w'hen 

« attempts are being made 

to prune away all of the 
Silver leaf disenae {Stereum purjiureum) \ diseased portions of a tree 

•porophores on branches of V.clorm plum. character- 

A, the more or less bracket-like, aiul b, the igtic silvering is beginning 

resupinate forms. a j i rr«i 

to develop. ine my- 
celium spreads somew hat slowly in an upward and downward direc- 
tion in the branches. It may work its way into the root svstera, and 
it is possible that it may even spread from tree to tree if the roots 
should happen to be in close contact. with one another. This, how- 
ever, is not of general occurrence, for in orchards the diseased trees 
are usually scattered at irregular intervals rather than occurring in 
groups, as they would if this mode of transference were the rule. 
The fact that the mycelium may be found in the root system has, 
nevertheless to be borne in mind when considering methods of 
controlling the disease. It does not extend into the fo.liage, so that 
silvering cannot be accounted for by the direct action of its liyphae 


Fjo. oy. 

Silver leaf disoHae {Stereum jmrpureum) ; 
sporophores on branches of Victoria plum. 

A, the more or less bracket -like, and b, the 
resupinate forms. 



396 


THE DISEASES OF PLANTS CAUSED BY FUNOT 


on the leaf tissues. The symptom is the result of the separation of 
the cells of the leaf one from the other and the formation of air 
spaces between them, especially in the palisade layer. This has 
much the same effect as a crack in a piece of thick glass, which shows 
up as a white line only when it is filled with air. Secretions of 
the fungus travelling to the leaves from the infected wood are 
responsible for it, for if cultures of the fungus are grown on suitable 
media and sterile watery extracts of them injected into a healthy 
branch the symptom soon appears. 

The fungus may fail to establish itself successfully, and when 
infection occurs in the summer months the tree may be the victor 
in the struggle b('tween host and parasite. Its mode of defence, 
apparently available only at this period, is to stop the spread of the 
mycelium by the formation of an impassable barrier of dense gum. 
This same blocking procedure ])robably ac'counts for the occasional 
recovery of slightly infected trees. l)ilil‘rent varieties of plums 
differ amongst themselves in their dehaisive capacity. 

From time to time methods for curing infected trees have been 
suggested. Amongst these are nails driven into the trunks, augur 
holes plugged with ferrous sulphate, or dn^ssing the soil with this 
material, but at {>resent no reliable cure has been discovered. 
Checking the spread of the disease is, however, a comparatively 
easy matter. The most radical method is to ujaoot and burn the 
trees as soon as the first symptoms are detecU‘d. This, though a 
sound policy, is often unnecessarily drastic, for the extension of the 
disease, if taken in time, can be definitely prevented by cutting out 
the infected portions. In carrying out this operation the silvered 
branch must be cut back to a point at which no brown stain is 
visible in the wood. Where the silvering is general the mycelium 
has probably reached the main trunk, and nothing can be done to 
save the tree. A common practice in the past has been to stub it 
back to the trunk and then top-graft it, but the almost inevitable 
result is that the scions speedily become infected. 

Infection may be largely prevented by care in the management 
of the trees. The essential point is to avoid as far as is possible the 
formation of the wounds necessary for its occurrence. Such wounds 
are often the result of heavy crops of fruit breaking unsupported 
branches, or of the splitting of forks at picking time, or damage 
done to trunks and low set branches during cultivation. They are 
also produced on the removal of surplus branches and during 
pruning. The latter operation, though of little importance in 
estabhshed orchards, has to be carried out in nurseries when the 
stocks are cut away from the established scions and again when the 
foundation branches of the young trees are being formed. All such 
wounds should be dressed as soon as possible with a protectory 
coating on which the spores will not germinate or, if they succeed 
in doing so, through which the resulting hyphae cannot penetrate. 
The material most generally used for the purpose is either Stock- 
holm or gas tar. Coatings of either of these require to be 
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frequently renewed to be effective, and trouble can be saved and 
more reliable protection secured by the use of a thick -bodied paint. 

In addition to these obvious protective measures, steps should 
be taken to prevent the development and distribution of basidio- 
spores. As the sporophores form only on the dead wood it should 
be cut out as soon as practicable, and if the whole tree is either 
evidently moribund or dead it should be grubbed out and the main 
roots at least extracted. This wood should be destroyed by burning 
at once. The practice is far too common of setting aside the larger 
pieces for firewood, stakes, etc., whilst the smaller branches have 
been made use of for such purposes as stopping gaps in hedges. 

Better procedures for growing croj)s of s})orophores could hardly 
be devised, for the fungus continues to live saprophytically and 
grows ap])arently as vigorously as when associated with a Uving 
trcie. If these preventive optuations are carried out thoroughly, 
Stereum purpureuin can be completely eradicated from infected 
orchards and further outbreaks of the silver leaf disease largely 
prevented. But the possibilities of fresh centres of infection being 
available locally must always be borne in mind. As far as is known 
at i)resent, there is only one form of the fungus on the various host 
plants on which it is known to exist. Thus the assumption should 
be made that the diseas(‘ may spread from an infected blackthorn 
in the orchard hedgerow or from a nearby laburnum, and these in 
turn should find their way to the bonfire. 

In planting new plum orchards, especially in the vicinity of 
town gardens in which the disease is still too prevalent, it is a sound 
policy, where practicable, to make use of the more resistant varieties. 
The accumulated experience of growers has now' made it clear that 
tw'o of the most popular varieties, Victoria and Czar, are unfor- 
tunately especially liable to silver -leaf. The yellow' Pershore plum, 
River’s Early Prolific and Blaisdon Red, on the other hand, are 
comparatively rarely attacked, whilst a moderate degree of re- 
sistance is shown by Monarch, Pond’s Seedling and the Purple 
egg-plum. 

The Silver- leaf Order of 1923, made under the Destructive 
Insects and Pests Acts, rcHjuires the cutting out and destruction by 
fire of all dead wood on both plum and apple trees before the 15th 
July of every year. Further, if the trees have died, their complete 
grubbing out and immediate burning is insisted on. The order is 
based on a knowledge of the life history of the causative fungus, 
and its steady enforcement, with the willing co-operation of growers, 
has done much to check the spread of the disease in commercial 
plantations. But where these precautions have been neglected, 
as is commonly the case in the small gardens of towns, the 
disease is rampant. The death of the infected trees should, 
however, soon result in its disappearance. 

Merulius lacrymans.-— The higher forms of the Basidiomycetes 
are characterized by the development of more complex sporophores 
than those of Stereum, but they are, nevertheless, still built up of 
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a solid mass of practically undifferentiated mycelium. A relatively 
simple tyjie is represented by Merulius lacrymans, a sj)ecie8 known 
under various names, such as ' dry-rot,” the weeping fungus ”or, 
in Germany, as the ‘‘ house fungus.” Its popular names, though 
at first sight rather contradictory, briefly sum up its more obvious 
characteristics. The sporophore forms an incrustation resembling 
that of Stereum, but the expo.sed face is covered with folds and 
wrinkles, forming a series of shallow pits the surfaces of which are 
Uned with basidia. 

The fungus is comparatively rare in the open but it is commonly 
met with in farm houses and farm buildings, where its destructive 
effects are well known. In any moist situation such as in cellars or 
in the space between the soil and a floor, it develops a vigorous 
mycelium in the form of a dense, white, felt-Hke sheets which can 
readily be stripped off of the joists or lloor boards. As this grows 
thick strands of hyphae packed with nut rient material and capable 
of transporting water, are formed. These often gr< w to great 
lengths, not only on wood but also on he surface of Drick walls, 
etc. As a const qiience, wo.>d far removed from the original source 
of infection may become attacked, and an outbreak at soil level may 
ultimately have serious consequences to the roof timbers. The 
sporophores are six inches or so across and of a rusty -brown colour 
when mature. They produce such enormous quantities of spores 
that the first symptom of the presence of the fungus, apart from its 
characteristic mouldy smell, is the accumulation of a rust-coloured 
dust on floors, shelves and furniture. There are said to be some 
65,000 millions nf these in a cubic inch of the dust. When the spore 
formation stage has been reached the wood is usually so badly 
attacked that the next symptom is the sagging of beams or the 
collapse of the floor boards. The spores germinate readily on a 
moist substratum of wood and quickly give rise to the mycelial 
sheets. The hyphae of these permeate the wood, partially destroy 
the lignified cell walls, and reduce it to a spongy, brownish mass 
which readil}^ absorbs and retains water. AVhen dry the decayed 
portions shrink and crack, and the fissures forming at right angles 
to one another divide it into cubical blocks which can easily be 
rubbed down into a powder. 

Where an outbreak occurs it should be dealt with immediately. 
Every piece of wood which has been reached by the mycelium 
should be cut out and replaced with sound timber which has been 
thoioughly brushed over with a solution of corrosive sublimate or 
creosote. Then it is essential that steps should be taken to prevent 
a further attack. As the growth of the fungus is dependent on a 
supply of moisture, an endeavour should be made to trace this to 
its source and prevent its further access. This is often revealed 
whilst the decaying wood is being replaced. One of the commonest 
points of entry, especially in old buildings where damp courses are 
non-existent or inefficient, will be found to be joists let into walls 
at or below the soil level. An external surface drain will do much 
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to keep such a wall dry, and the liberal use of creosote, both on it 
and on the end of the joists inserted in it, should stop any fresh 
infection. Then provision should be made for a thorough ventila- 
tion of the space enclosed between the ground and the floor boards. 

Polyporaceae. — In the Polyporaceae the sporophores are fleshy, 
leathery or woody in texture, and they usually grow in the form of 
bracket -like structures standing out at right angles from tree 
trunks. On their lower surface is a layer, capable of being detached 
from the rest of the sporophore, which is built up of coherent 
tubes lined with basidia. The mycelium is confined to the wood, 
which in time is usually reduced by its action to powdery touchwood. 
Some of the most serious diseases of forest trees and hedgerow 
timber are caused by their attacks, but apart from a few species 
occurring on fruit trees they are of no great importance to agri- 
culturists. The following occur frequently in old orchards : — 
Forties pomaceus on plum trees, especially on the variety Pershore ; 
the sporophores are from one to two inches across, hoof-shaped, 
rusty brown and finally black in colour. Polyporus adustus on 
apples : sporophores brown -grey to black in colour, zoned. P. 
hispidus on apples : sporophores chestnut colour above and lemon - 
yellow below, becoming dark brown as they age ; from four to ten 
inches across. No satisfactory methods for the control of these 
wound parasites has yet been devised. 

Agaricales. — In this group the basidia are formed on gill -Like 
plates radiating from a common centre. The cornmpn mushroom 
is a fairly representative type of this great group of fungi. Practi- 
cally all of them are saprophytes, one of the few exceptions being 
the honey or shoe-string fungus which is commonly found on all 
kinds of trees and is occasionally a troublesome pest in gardens, 
orchards and plantations of gooseberries. The mushroom -shaped 
sporophores are formed in large clusters at the base of infected 
trees or on stumps which have been left in the ground. They are 
honey -yellow in colour and the top of the cap bears many dark 
brown fibrous scales. Though specimens vary much in colour and 
size, they are always recognizable at a glance. The white basidio- 
spores can readily be seen by cutting out the stalk of a sporophore 
and placing it gill side downwards on a sheet of coloured paper 
covered with a tumbler to exclude draughts. As they rain down 
they form a {>erfect print of the gills. Similar spore prints are 
often seen on the caps of sporophores overlapped by their 
neighbours. 

If the bark of an infected tree is stripped off anastomosing 
strands, or rhizomorphs, not unlike leather bootlaces, will be found 
on the surface of the wood. These pass over in their younger 
portions to delicate white sheets Of mycelium, the hyphae of which 
penetrate and destroy the tissues of the wood. They also spread 
through the soil, travelling for considerable distances at a depth of 
about four inches. On coming into contact with a sound root, 
their hyphae penetrate between the crevices of its bark and develop 



400 


THE DISEASES OF PLANTS CAUSED BY FUNGI 


rapidly between it and the wood. The disease thus tends to spread 
centrifugally. Its effects on the tree are charactciistic. Once the 
roots have become infected and the mycelium has worked its way 
round the base of the tree, it dies suddenly. The disease is difficult 
to control. Cutting down infected trees is of little use since the 
fungus can grow as a saprophyte on their stumps, and even if they 
are uprooted rhizomorphs may still be left in the soil. An open 
trench, across which they cannot pass, will, however, prevent their 
extension. Where the disease has to be dealt with in gooseberry 

plantations it can be completely 
eliminated by digging out infected 
specimens as soon as symptoms of 
the attack are noticed. 

BACTERIA. 

The bacteria are a group of uni- 
cellular organisms resembling the 
fungi in their mode of nutrition but 
differing from them in their method 
of growth. They are exceedingly 
minute, the largest of them seldom 
being more than ten thousandths of 
a millimetre in length. Their shape 
may be that of spheres, long or short 
rods, commas or corkscrews. Mul- 
tiplication is effected by the simple 
division of the individuals into halves, 
the new ones so formed either becom- 
ing separate or remaining united in 
chains, sheets or solid masses when 
the divisions take place in one, two 
or three planes respectively. The 
successive splittings follow with great 
Rhizomorphs of the honey or rapidity, and a single cell may become 

8hoo«tnng fungus ArmiUarm two in twenty minutes after its for- 
mellea growing between the . i-.i i-..- t 

bark and wood of an elm. mation if the conditions for growth 

are favourable. Reproduction may 
also be effected by means of spores formed either internally or by 
the thickening of the cell wall. The spores are highly resistant 
to extremes of temperature and to drought, and consequently they 
provide the bacteria capable of forming them with a resting stage. 
Many species are motile owing to the presence of one or more ciha. 

It is difficult to realize the great importance of the group to 
mankind. They are mainly responsible for the decomposition of 
the organic matter built up by plants and animals. To counteract 
this, in the case of materials required as food, various processes of 
preservation, such as cold storage, canning, bottling, dessication, 
pickling, and so on, have had to be devised. They play a great 
part in the manufacture of various dairy products, in which their 
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activity ifl often brought under control by sterilizing, with the object 
of destroying unwanU^d species, or by the addition of pure c\dtures 
of those Known W produce 'the required results. In the soil and 
manure heaps their develo])ment deterniiru's the production, or in 
some cases the destruction, of essential nitrogenous plant food 
materials, as well as the reduction of cellulose-containing tissues to 
humus. They are, however, better known generally as the causative 
organisms of many diseases, such as typhoid, cholera, tuberculosis 
and diphtheria. Plants are also attacked by them and a numbcir of 
diseases, fortunately of no great importance agriculturally, have 
been traced to them. On the other hand the peculiar association 
of bacteria and leguminous jdants, hardly to he (h*s( rihed as 
disease, is a matter of great economic signiliccin^ c. 



Fuj. 71.- Nodci.ks ON THK Roots of a Soya Bi:an. 


The Nodules of Leguminous Plants. — The clovers and leguminous 
plants in general have been described as nitrogen-accumulators ” 
because their tissues contain, mostly in the form c^f proteins, an 
unusually large percentage of nitrogen. This is evident when a 
comparison is made of the average total nitrogen percentage in the 
seeds of a number of the cereals and of the pulses : — 

Maize ... ... 1-8 per cent. Peas ... ... ... 4-3 per cent. 

Buckwheat ... 1-9 ., Beans ... ... 4-6 ,, 

Oats ... ... 19 ,, Lentils ... ... 4-7 ,, 

Wheat 2*3 „ Soyabeans 61 
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Moreover, these plants can build up the large quantities of protein 
represented by these figures when growing on soil deficient in nitro- 
genous food materials. In fact, crops such as lupins can be grown 
satisfactorily on sandy soils incapable of carrying any non- 
legumuious crop, and their growth actually enriches the soil 
sufficiently for it to be used as a method for bringing such land 
under general cultivation. The value, too, of the nitrogen-collecting 
clover as a preparation for the wheat crop has been realized for 
several centuries. 

If the seeds of a leguminous plant are sown in sand to which all 
of the essential elements, except nitrogen, have been added, the 
resulting plants grow normally until the reserves of food stored in 
their cotyledons are exhausted. Growth then ceases, the leaves 
become yellow, and they look as if they would die. Any other 
kind of plant under such conditions would soon perish through 
nitrogen starvation, but leguminous plants suffer a temporary 
check only, and almost suddenly recover and grow away normally. 
The root system of these plants differs from that of all other agri- 
cultural plants in bearing numbers of nodules on the main and 
lateral roots (Fig. 71). These begin to develop at an early stage 
of growth, and reach a size varying from that of a small pin’s head 
to that of a pea, or even greater. Further, they fail to form when 
the plants are raised under completely sterile conditions, but their 
development can then be induced by the addition of traces of freshly 
crushed nodules to the soil or other medium in which the plants 
are rooting. 

Sections cut through fresh nodules show that they have the 
usual structure of roots but that the pith is more strongly developed 
and of a pale red or greenish-grey colour instead of white. Appro- 
priate staining methods show that the cells composing it are crowded 
with somewhat irregularly shaped bacteria (Fig. 72). These can 
be isolated from young nodules and cultivated on suitable, artificial 
media. Cultures from different species of leguminous plants show 
differences which suggest that a number of distinct strains of the 
organism Pseudomonas radicicola exist. This view is supported by 
the fact that the bacteria isolated from peas fail to produce nodules 
on lupins or red clover. 

The nodule-forming organisms are generally present in agri- 
cultural soils, so that when a leguminous crop is sown its roots soon 
become infected and, generally speaking, the more abundantly the 
nodules are formed the better the crop grows. Exceptions occur, 
however. The organism responsible for their formation on the 
roots of lucerne has not the wide distribution of 4:hat occurring on 
the roots of red clover, and where it is lacking the establishment of 
a lucerne crop is impossible. This probably accounts to a certain 
extent for the hmited area under this crop. Again, the form 
responsible for nodule formation on the roots of the Soya bean is 
apparently lacking in the soils of this country. Such deficiencies 
can readily be done away with by inoculating the soil with the 
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appropriate form. This can be done by scattering a few sacks of 
soil, taken from a field on which the crop is known to thrive, over 
the surface. The nodules on the Soya bean root (Fig. 71) were 
induced to grow in this manner, the material used for inoculating a 
plot being soil specially imported from a Japanese bean field. The 
general practice nowadays, though, is to use cultures of the required 
organism. When, for instance, lucerne is to be grown on a soil 
which has not carried the crop previously, especially in a district 
where it is not already in cultivation, a culture of the lucerne nodule 
organism is purchased, diluted down according to the instructions 
provided with it and then poured over the seed. The essential 
organism thus finds its way into the soil : it then infects the root 
hairs of the young plants directly, and quickly gives rise to a crop 
of nodules. The growth of the bacteria in the tissue of the host 
plant is dependent on the supply of carbohydrates which they can 
obtain from it. Utilizing this material as a source of energy, they 
build up nitrogenous food 
stuffs directly from the inert 
atmospheric nitrogen which, 
on their death, become avail- 
able for the use of the host 
plant. Host and invading 
organism are thus essential 
to one another. Such a 
relationship, so strikingly 
different to the types pre- 
viously described, is known 
as “ symbiosis.” 

VIRUS DISEASES 

The maladies of plants 
which have so far been des- 
cribed are all traceable to the fact that they have become the hosts 
of easily recognizable parasitic fungi. There is, however, an import- 
ant group of diseases, known as ” virus diseases,” which are char- 
acterized by the fact that the most thorough microscopic examina- 
tion has failed to detect any organism in the tissues of the infected 
plants. Moreover the attacks are not locahzed, as they are in the 
majority of the diseases produced by fungi, but they extend 
throughout the plant. Thus no part of it can be used for vegetative 
propagation in order to secure a disease-free specimen. Thus if a 
potato plant was attacked by the organism responsible for wart 
disease, healthy plants could be raised from it by striking cuttings 
of the haulm, or planting any tubers which happened to show no 
symptoms. But if infected with a virus disease, such as “ mosaic,” 
either procedure would invariably result in the growth of similarly 
diseased specimens. The infection may, in some cases at least, 
even be transmitted by seed. 

The existence of virus diseases is not a new disoovery, but it is 
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only within recent years that systematic attempts have been made 
to investigate them. One, the “ curl ” of the potato, was well 
known over a century ago when it was so troublesome that the 
growers found it necessary to test their stocks of seed tubers before 
planting them by sprouting in warm frames. Since then about a 
hundred of these diseases have beeir described. Amongst those of 
economic importance are several occurring on the potato and others 
on sugar cane, maize, sugar beet, toljacco, cucumbers, hops and 
raspberries. Their attacks are not confined to the plant world for 
a number of imj)ortant animal diseases, including foot and mouth 
and swine fev^er, are caused by them. 

The s3unptorns associated with virus diseases are often slight 
and difficult to define. In some cases, indeed, an infected plant may 
show none at all. ft then acts as a “ carrier ” in much the same 
way as an individual who may carry and spread typhoid fever 
without being obviously the worse for being infected with it. Some 
of them are a thickening and rolling of the leaves, often accom- 
panied by changes of colour, mottling and crinkling, discolouration 
of the veins, faint concentric markings around a central spot, a 
general dwarfing and, in extreme cases, lesions, which may be 
followed by the death of the leaves or even of whole branches. The 
study of the symptoms is of particular importance in this group of 
maladies because, apart from actual infection experiments, it is the 
only way of diagnosing the disease. Those of a number of the 
commoner diseases have now' been sufficiently defined to make their 
recognition generally possible, and the most pronounced of them 
are frequently used lor popular descriptive purposes, c.g.^ “ streak,” 
“ crinkly dwarf ” of potatoes, “ mosaic ” of hops, etc. 

Owing to the lack of visible characters their properties only 
can be used in defining the viruses. The most important of these 
is that the diseases they give rise to are extremely infectious. The 
mere rubbing of a leaf from an infected plant on to that of a sound 
one is sufficient to transfer some virus diseases. Many can be 
transferred by scratching the leaf of a healthy plant with a needle 
point previously used to puncture one carrying the disease. Those 
inca])able of being spread in this manner can usually be transferred 
by grafting portions of diseased on to healthy plants. The method 
is largely employed in laboratory investigations. In nature juice- 
sucking aphides and similar insects are the effective agents in 
spreading many virus diseases, a fact which suggests that their 
dis.semi nation might often be controlled by the use of appropriate 
insecticides. 

As might be anticipated from the foregoing, the sap expressed 
from an infected plant contains the virus. This material is used in 
investigating the properties of different kinds of viruses. Whilst 
the expressed juices differ much amongst themselves they have a 
number of common features. One of the most characteristic is 
that filtration through unglazed porcelain has no effect on its 
infective capacity. As such filters effectively prevent the passage of 
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bacteria, it is not surprising that the microscope has failed to reveal 
any organism associated with virus diseases. The infective capacity 
of the juice may be retained for long periods if it is simply stored 
under conditions ])reventing the growth of bacteria and moulds, or 
even if it is dried over sulphuric acid. That from diseased tobacco 
is said to he capable of “ living ” for years, whilst at the other 
extreme are viruses which “ die ” after a few days. Heat destroys 
their power of bringing about infection, a temperature of about 
80 ('. being generally sufficient for this purpose. The extracted 
juices can be greatly diluted with water, and in some cases an 
attenuation of one in 10,000 has not been sufficient to destroy their 
powers of infection. The general resemblance of their properties to 
those of enzymes, such as diastase, is noticeable, but though some 
are said to be precipitable b}^ ammonium sulphate, none liave yet 
been satisfactorily isolated. On the other hand, all attempts at 
their cultivation outside of the tissues of their hosts have been 
failures. 

Some of the best known virus diseases are those associated with 
the potato. One of the commonest of thes(‘ is that known as 
“ mosaic,” which is so prevalent that it is estimated that 90 per 
cent, of the stocks of potatoes in the country are infected by it. 
The symptoms, which in some seasons are not particularly obvious, 
are a mottling of the foliage, often accompanied by a slight pitting 
of its surface. ” Crinkle ” is also characterized by mottling and 
the leaf surface is distorted and its margins waved. In ” leaf -roll ” 
the foliage is at first pale in colour ; the leaves then roll from the 
base upwards so as to hide their upper surfaces. These, and still 
other virus diseases, cause a marked diminution of the yielding 
capacity of potatoes, and they are also responsible for the running 
out and the increasing susceptibility to bhght of many of the older 
varieties (p. 103). 

The dissemination of these diseases is dependent on insect 
agency. Tlie insect fauna of the crop is a considerable one, but of 
all the insects which have been used experimentally in trans- 
mission experiments the only one which has proved to be capable 
of transmitting them is the aphis Myzus persicae. Even other 
species of aphides, as well as capsid bugs and leaf-hoppers, 
appear to be powerless to do so. Leaf roll, wliich is not trans- 
missable by means of a needle, is easily transferred by it. The new 
infections cannot, therefore, be due to a mere mechanical transfer 
of the virus, and experiments indicate that an incubation period in 
the body of the insect of about two days is necessary before the 
material taken from the diseased plant can become infective. 

The diseases are also spread whilst the tubers are in store, and 
especially when placed in trays for sprouting. Under such con- 
ditions the aphis is not uncommon on the young shoots and may 
easily transfer the virus from infected to sound tubers. In other 
directions man’s contribution to the spread of the disease is a great 
one. The almost invariable practice in planting is to make use of 
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^maU sets, and it so happens that one of the characteristic features 
of a diseased plant is their production. Tlie tendency, therefore, 
is towards the automatic selection of virus-sodden tubers as a 
starting point for the next crop. 

For further information on the subject of disease in plants 
the following books should be consulted : — 

Collected Leaflets on Fungus Diseases of Fruit Trees. Ministry of Agricul- 
ture and Fisheries. London, 1929. 

Plant Diseases. By F. T. Brooks. Oxford I'niversity Press, 1928. 

The Scientific Principles of Plant Protection. By H. Martin. K. Arnold 
A Co. London, 1928. 


CHAPTER XVI T. 

THE PRINCIPLES OF PLANT AND ANIMAL BREEDING. 

The many good qualities, and the diversity, of our present day 
breeds of domesticated animals and plants are chiefly due to the 
efforts, of one sort or another, which have been made to improve 
them from the earliest times. But with greater skill and knowledge, 
and higher standards of agricultural practice, there can be no doubt 
that improvement has been far more rapid during the last few 
himdred years than it was at most times in the past. In Great 
Britain, from the time of Bakewell, the number and value of our 
breeds of livestock have been greatly increased by methods which 
are fairly widely understood in the agricultural community, and 
usually demand art and skill rather than scientific knowledge. 
Starting with a clear vision of what is to be aimed at, the guiding 
principles are first a rigorous selection of the few individuals that 
are nearest the ideal ; and perhaps in the esarly stages fixation by 
inlueeding. Secondly, if necessary, the introduction of a desirable 
quality by crossing with a different breed, which was possibly 
imported from abroad and may have been only distantly related to 
the original breed. 

In broad outline, the principles of plant breeding are similar ; 
but their application has to be adapted in each case to the particular 
method of reproduction of the plant concerned. Thus, many crop 
plants are reproduced vegetatively, and a single plant with valuable 
features can be divided up to form a new variety, of which all the 
individual members will be identical. That is to say, once the 
desired ty]ie is obtained, whatever the means, the problem of fixing 
it does not arise. But with plants that are reproduced by seed the 
problem is twofold. First the desired type must be produced, and 
secondly it must be ensured that it will come true from seed when 
it has been produced. The second task will need different methods 
when the plant dealt with is self-fertilized and when it is cross- 
fertilized, since in the latter event it will be crossed by other in- 
dividuals which will probably be different from itself. 
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The great complexity of the situation in plants requires more 
specialized methods of breeding, so that scientific principles have 
been applied with more immediate success. These principles can 
be illustrated most easily if the simplest case is taken first, namely 
that of self fertilized plants. Observation shows that such plants 
may breed quite true to type. If the produce of a single plant is 
sown separately all the offspring will be exactly alike as far as can be 
seen, apart from minor differences in characters such as height and 
vigour. These differences are caused by accidental circumstances, 
such as one plant having rather more room than another or standing 
on a slightly richer piece of soil, and so on. That this is so can be 
tested by sowing the seeds of each plant separately again in small 
plots. In each plot there may be a hundred or so plants ; and not only 
will all the plants within each plot look alike, but each plot will be 
exactly like the next, again except for slight inequalities due to soil 
differences. That is to say that when the progeny of the original 
plant was grovn it was found they were all alike except that some 
were rather more robust or fruitful than others. The suspicion 
that this might be accidental is confirmed because the plot raised 
from the seeds of the most robust plant is no better than that raised 
from the least robust. 

This conclusion is important bec'ause it means that a self -fertilized 
plant can come perfectly true from seed, and that .selection amongst 
its progeny will have no effect at all. Whether the seeds of the best 
plant or of the w’orst are taken makes no difference, unless the seed 
of the worst plant is so poor that the progeny have a bad start. 
The descendants of such a true breeding self -fertilized plant are 
said to form a “ pure line,” and selection within a pure line is in- 
effective. The minor differences that we find within a pure line, 
caused by the accident of position, are called ” fluctuation.” 
Fluctuation is seen most easily in measurable characters such as 
height or yield, but it may affect other characters as well. The 
depth of colour of a red-eared vlieat may fluctuate because some 
ears have received inorc^ sun than others ; while the late tillers of an 
avTied barley may have awns of different length from the early 
tillers, because they developed under somewhat different conditions. 
But these differences will not be carried on to the next generation. 

If the observations on self fertilized crops— .such as w'heat, barley, 
or beans — are continued, it will be found that most commercial 
varieties are not pure lines but mixtures of closely .similar pure lines. 
If the stock examined is not very good it may even he possible to 
pick out different lines by oye. If it is a better one, all the plants 
may look the same exce]:)t for a f(‘w ‘ rogues ' ; but if the progeny 
of individual plants is gro\Mi on in separate plots small differences 
between the plots will be detected : one plot may be a little taller 
than another, or may have rather liea\ ier seeds. If this selection of 
single plants is continued for another generation it will have no result. 
The first selection v as succes.sf id becau.st* the eomraercial v'ariety was 
not a pure line ; but selection isolate^ these different lines at 
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once and, as soon as they are isolated, further selection has no 
effect. 

The experiment just described was first carried out by Johannsen, 
who published his conclusions in 1903. He used a commercial 
variety of the runner bean, Phaseolus vulgaris, Some plants were 
selected and their progeny gro\%Ti separately in different rows. The 
seeds of every plant, from each row, were weighed, and the average 
seed weight was found to be different in different rows, varying from 
3.51 grammes to 6.42 grammes. Selection was continued by 
growing separately the lightest and the heaviest seeds from within 
each row. But after several generations no further change could be 
detected. The first selection had isolated the different lines, and 
after this it mad© no difference whether the lightest or the heaviest 
seeds of any on© line were chosen ; the mean weight remained 
constant at about 3.5 grammes for the lightest and 6.4 grammes for 
the heaviest line, only varying slightly from season to season. 

The pure line principle suggests at once that varieties can be 
improved simply by selection from commercial stocks. The latter 
consist of mixtures of lines, of which some will give better results on 
a given soil and in a given climate than others. As a general rule 
the best result will l)e obtained by choosing only the best of these 
lines ; and, by so doing there will be the added advantage of secur- 
ing complete uniformity, which ensures that the stock will always 
remain the same. This has a special value in crops such as barley, 
wherein uniformitv is itself an important feature. But it should be 
reraomberod that the line which has been selected, while the best 
for some soils and districts, may not be the best for others, for which 
different lines may be more suitable. 

Agricultural j)ractice has often been in advance of scientific 
princi])le, and this method of breeding was first practised by 
Le Couteur of Jersey as long ago as 1832, nearly 100 years before 
the pure line priiu iple was discovered. He was first led to adopt 
the method after showing his crops to La Gasca, a Spanish professor 
of botany who had made a special study of wheat. In his own 
words he .says, J considered my crops as pure, at least as 
unmixed, as those of my neighbours, when to my dismay he drew 
from the fifJds three* and twenty sorts. Some were white, some red, 
soini' liver-coloured, some spring -wheat, some dead ripe, the corn 
shaking out. some rijx*, some half so, some in a milky state, and some 
green. I reflected oji the subject, and immediately became 
convinced that no croj) in that state could either produce the greatest 
weight of corn, givi* the large.st quantity' of flour, or make the best 
or lightest bread, such as would be produced from a field in an equal 
and [lerfect state of ripeness."' He therefore s(*leeted thost^ ears 
til at looked alike and grew them together as separate varieties, but 
ff>und tliis n<jl enough. J'h(^ care 1 took in making these selections, 
and the great number r)r .siu'is 1 found (»f all shade.s and cohuirs, 
forming varieties and sub- varieties, as they are named by Professor 
La Gasca confirmed my ( onviction that the only chance of having 
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pure sorts was to raise them from single grains or single ears. It is 
but fair to add that oven the pains 1 took in making these first 
selections am])ly rewarded my labours, as the produce of my crops 
was increased from an average of about 23 or 25 bushels an acre to 
about 34, and since 1 hav(^ raised wheat from single ears of carefully 
selected sorts, 1 have increased iny crops to betw€>en 40 and 50 
bushels the acre.” 

If the pure line principle shows how varieties can be improved by 
selection it also shows the limitations of the method. Once the best 
pure lines have been isolated nothing more can be done by selection 
alone. To go further new lines must be created ; and this is done 
by crossing. We may find that our best lines of whpat stand and 
yield well but are rather susceptible to disease — to rust for example. 
At the same time there may be another line, inferior to the first in 
yield but resistant to rust. If we could transfer this resistance to 
the first variety w'e might increase its yitdd still further, by reducing 
the toll taken by rust. This metho(l of improvement by crossing 
is a modem development and is carried out more easily with a 
knowledge of the laws of heredity discovered by Mendel ; though it 
was, in fact, used w ith succiess in different parts of the world before 
Mendel’s principles were generally known. 

The principles in question were discovered by Mendel in 1866. 
but they w^ere not appreciaUnl at the time, and remained neglected 
until 1900, when they were rediscovered by three botanists — de 
Vries, Correns, and Tschermak — simultaneously. At this period 
their importance was realized at once ; and they now' form the basis 
of the science of genetics — the study of hennlity and variation — 
which has grown rapidly in recent years. Mendel began his 
experiments with the edible pea, Pisum sativum, which is self- 
fertilized. He crossed a plant from a tall strain, 6ft. high, with 
another plant from a dwarf strain, 1 ft. high The tall ])lant came 
from a strain that had always bred true to tallness. When such a 
plant is self-fertilized the seeds are formed from the imion between 
an egg-cell carrying something, T, which produces tallness, and a 
male gamete also carrying T. These seeds can therefore be denoted 
TT, and wiien they are sown they will give ])iants which are tall like 
the parent plant. Similarly, all the plants in the dwarf strain can 
be denoted DD. TT and Dl) plants give only T and D, respectively, 
to their egg-cells and pollen grains, so when they are crossed together 
they will give a hybrid — the ‘ Fj” as it is usually called — which 
will be TD ; and it will be TD whether w'e use the tall plant as female 
parent and the dwarf as male, or whether we make the reciprocal 
cross by using the dwarf as female and the tall as male. Having 
obtained the Fj plants, which will all be alike, we can raise a further 
generation — the “ Fj” — by self fertilizing the F^ It will be found 
that the Fg consists of tall plants, like the tall parent, and dw^arf 
plants, like the dwarf parent, in the proportion 3 tall : 1 dwarf. 
To understand how this happens we must see how the seeds borne 
by the plant are product. 
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Since the is TD it can transmit (‘it her T or 1) to its egg-cells 
and pollen grains ; and we w'ill su])pose tljat they will be transmitted 
in e(|ual proportions, i.v.. in the ratio 1 T : 1 D. Each T egg-cell 
can be fertilized either by a T or by a D male gamete ; and since 
either is equally likely to happen, all the T egg-cells together will 
produce on the average TT seeds and TD see(is in the proportion 
1 TT : 1 TD, the first by fertilization with T male gametes and the 
second by fertilization with D male gametes. Similarly, the D 
egg-cells can be fertilized by T or by D male gametes ; and will give 
on the average TD and DD sc^cds in the proportion 1 TD : 1 DD. 
All the Fj egg-cells together will therefew give the following seeds : 

1 TT f 1 TD -j- 1 TD + 1 DD. That is to say the proportion will 
be on the average 1 TT ; 2 TD ; 1 DD. When these seeds are sown 
they give the Fg generation, which will consist of three different 
kinds of plant occurring in definite pioportions, if enough seeds are 
sown, namely . 

1 TT — exactly like the tall parent, bn'cdiiig true to tall ; 

2 TD — tall like the F^, not breedhig true but splitting up like 
the F^ into tall and dwarf ; 

1 DD — dwarf, like the dw^arf parent, breeding true to dwarf. 

T, w'hich produces the tall character, is spoken of as the “ factor ” 
for tallness ; and D as the factor for dwarfness. The se])aration of 
T and D in the F^, so that the rej)roductive cells contain either T or 
D but not both, is spoken of as ' segregation " ; and the tw'o 
factors T and D which segregate from one another ar(‘ said to be a 
pair of alhioMiorphs.” A plant such as TT or DD, which contains 
two factors of tlie sanib kind is called a “ homozygote " ; TT and 
DD are homozygous for T and D respectively. TD, containing 
both allelomorphs, is said to be a “ heterozygote ” or to be hetero- 
zygous for T or 1). In th(‘ particular case we have deserib(‘d the 
heterozygott‘, TD, is exactly like th<‘ homozygous tall, TT, in 
appearance ; and in such a ease tall is said to dominant ” to 
dwarf, the recessive.” The recessive is usually denoted by a small 
letter instead of a capital, thus T tall, and t ~ dwarf. 

It is important to notice that in Fg or latiu’ generations the 
homerzygous tall segregates are as tall as the tall parent , and the 
dwarf .segregat<‘s as dwarf as the dwarf parent. This means that 
when T and D are pre^sent together in the F^ tlii‘y have no effect 
on each other, but segregate from one another completely 
unchanged ; so that the gametes contain T exactly like the original 
T, and D exactly like the original D. 

The ratio found in Fg was 1 TT : 2 Tt : 1 tt, and in the case 
dealt w ith, in which tall is dominant, tht‘ plants would be classified 
by eye as 3 tall : 1 dwarf. All the recessives breed true but onJ}^ 
one-third of the tails, th(i remaining two-thirds being heterozygotes 
which split up again to give a 3 : 1 ratio like the F^. In othc^r cases, 
the Fi and Fj heterozy^otes may be intermediate between the two 
parents in appearance. Thus in some species of plants with coloured 
flowers, the cross red x white gives a pink flowered Fj, and a ratio 
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of 1 red : 2 pink : I white in Fj. In practice it is evidently a great 
advantage to be able to pick out each of the three different kinds of 
plant , knowing how it w iW breed, instead of having to test by breeding 
whether it is a pure dominant or a heterozygous dominant. 

It will be understood that the ratios 3 : 1 or 1 : 2 : 1 are only 
average ratios which wiW be obtained if a sufficiently large Fj is 
gro^^Ti. If Vie only had four plants it would not be very likely that 
three of them w^ould be tall and one dwarf : indeed, it would be 
quite possible, though not very probable, that we had picked out 
four dwarfs or four homozygous dominants. It is only when a 
reasonably large is counted that we shall find a close approxi- 
mation to the 3 ; 1 ratio. In actual experiments the numbers 
96 : 29. 51 ; 18. 9 ; 3. 14 : 3. and 607 ; 197 have been obtained. 
Large scab' (‘xperiments have given the ratio 23,531 : 7.847 == 
2 9997 ; L0003 for the characters starchy and sweet endosperm 
in maize. 


All kinds of characters, in many different species of plants and 
animals, are inherited iii the same simple manner we have described. 
As examples we may give hairy or smooth chaff, and susceptibility 
or resistance to rust, in wheat ; six row or two row in barky ; the 
colours of many different flowers, and the coat colours of animals ; 
starchy or sugary endos})erm in maize ; shape of leaf in Primula 
and other })lants. The question now arises, what happens if we 
follow two pairs of characters at once instead of only one ? For 
examjile, we know that in wheat the crovss rough X smooth chaff 
gives 3 rough ; 1 smooth in F% : and that beardless x bearded ears 
gives 3 beardless ; 1 bearded. If we cross rough -beardless x smooth- 
bearded is the inheritance of one pair of characters bound up in any 
way with that of the other ? 

When the experiment is performed we find that they behave 
quite indcj tndcntly . In P\, both among the rough plants and 
among the sukkn}. jilants there is a ratio of 3 beardless .• 1 bearded. 
In oth(T words the I"., is made up as follows : 


12 rough, of which there are 
4 smooth, of which there are 


( 9 beardless ; i 9 beardless -rough 
1 3 bearded , ' 3 bearded -rough 
f3 beardless I ^ j3 beardless smooth 
( 1 bearded ! 1 bearded -smooth 


To explain in greater detail how this result comes about, the 
cross rough-beardless, RHHB, x smooth -bearded, rrbb. will give the 
Fj RrBl). This Fj produces gametes in the proportion 1 R ; 1 r. and 
1 B : lb ; or, if R and B are quite independent . 1 RB : 1 Rb : 1 rB : 1 rb. 
We tlierdore have four different classes of egg-cells which may 
each unite with any one of four different kinds of male gamete. 
The four egg-cells 1 RB f 1 rB -)- 1 Rb -|- 1 rb, uniting with the male 
gamete RB, produce the four Fo seeds I RRBB -f IRrBB -j- 1 RRBb 
fl RrBb. Alternatively, they may unite with Rb, or with rB, 
or rb. To find all the Fg plants produced by these various matings 
the simplest method is to use a checker- board. The four female 
gametes are wTitten in a horizontal row repeated four times ; to each 
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gamete in the first row is ad(3e(l the male gamete RB, to the second 
row Rb, to the third rB, and the fourth rb. 


RB 

Rb 

rB 

rb 

RB 

RB 

RB 

RB 

RB 

Rb 

rB 

rb 

Rb 

Rb 

Rb 

Rb 

RB 

Rb 

rB 

rb 

rB 

1 

rB 

rB 

rB 

RB 

Rb 

rB 

rl> 

rb 

rb 

rb 

rb 


These 16 squares giv(‘ the 16 s(‘eds produced by the 16 possible 
matings })etweeii th(‘ different male* and female gametes. If they 
are counted up it will l>e found that nira^ (jontain both R and B, 
and are therefore rough b(‘ardless sin(‘e K and B are dominant, three 
contain R but not B and are rough-beard(Ml, three* (ontain B but not 
R and are snioe)th-b(‘ardl(‘ss, and one is without both K and B and is 
smooth- i)eardeHi. Altogether, therefore, we* have* tlie 9 : 3 : 3 : 1 
ratio alread}^ givem. 

The important fe^ature of this result is that from the* two plants 
rough-boardh'ss anel smoeth-be^arded we can obtain, by cre>ssing 
them together, tlie two ne^w types, rough bearded and smooth- 
beardle\ss. This is the })asis e>f plant bre^eeling by hybrielization. 
Thus, English whe*ats liave long l)e‘(m e*hara(teriseei by high yield, 
good standing, and rather low' quality grain. To vemedy this elefe*.ct 
a search was made amongst foreign vari(*tics e>f goesl ejuality ; and 
though me)st e)f them did not retain the‘ir ejuality when gi*e)wn in 
this country, eveuitually one - a Canadian vari(*ty known as Fife* — 
was found which elid do se). This variety, how'ewer, diel not stand well 
and w'as not up to the* existing Kjiglish varieties m yield, so to 
remedy this it w as cios.s(ai with Hev(*ral English forms ; and from one 
of these crosses a iu‘w variety w as obtained com billing high quality 
grain with the good standing and high yield of the English variidies. 

We have already s<‘(*n that th(^ usual objet;t of br(‘eding is to 
obtain the best ])ure lim*. In Me.ndelian languagt* this means the 
production of a plant which is homozygous for all fac t ors. Tin*. Fj 
from a cross is usually, of course, ht*t(a*ozygous for very many 
factors -the number de{)ending upon how^ different the two parents 
were. It follows that a large Kg should V>e grown ; not only to 
obtain the desircHl combination but to make it more likely that it 
can be found in a plant which is homozygous for as many other 
characters as possible. Otherwise selection w ill have to bo continued 
over several generations to obtain jiurity ; though in any case it is 
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not likely that a plant picked out in will be homozyirous for all 
faetorn. In the example given abov'(‘ rough beardit^ss x sinooth- 
boarded — any denired combination, such as homozygous rough- 
bearded, only app('ars oiute i(\ 10 times. And if th(‘ two parent 
forms difler by only jiv(‘ factors, not more than about one ])lant in 
every thousand would be lionH)zygous for any five sy)ecified factors. 
This illustrat(‘s the fact that care should lx* tak«*n to choose ymrents 
that are as alike as possibl(‘. so long as th<‘y have bf‘tween thcun all 
the qiialitii's that are want(‘d for tlu* ik'W varicity. In ju’acticc, it is 
usual to pick out from the Fg those plants that have, as far as (^an be 
judged, the characters wanted : and to raise a further generation, 
the Fg, from each one separately. Familic‘s that breed true for the 
wanted characters would yjrobably lx* harvested, and the ])rog(‘nie8 
of indivddual plants again grov\Ti .sef)arately so that choice* can he 
made, as far as possible, of those that arc* homozygous for all factors. 
The act-ual inimber of generations over which selection is continued 
naturally varies with the (‘ircumstancos of t‘acli individual case ; 
but after it is over, testing for yield, and multiplication of th(‘ stock, 
would follow. 

It will be ch*ar that, unless selection has betui continued for many 
generations, it is doubtful wh(‘tli(‘r a pure line will actually be 
obtained. Howcwer carefully the parents are chosen they will 
probably dilfer by many factors : and e(>m{)l(‘tely homozygous 
segregates will be rare and difficult to recognize, unless selfing and 
selection are long continued. But the pure line principle, though 
an excellent means of improving existing varieties by selection, can 
be pushed too far when bn;eding by hybridization. Purity is a 
valuable feature, and is nearly always the ideal to be aimed at ; 
while in barley it may be esvsential for quality. But in other crops, 
such as oats, it lacks this special value, and it may be better to use a 
new variety of outstanding merit at once, if it be reasonably pure, 
than to wait a further })eiiod of years for the best pure line to be 
selected from it. This final selection can be done after the new 
variety has been introduced. 

In the simple case of inheritance described above*, the characters 
depended for their dcvelopineuit upon a single* facte>r, T or t. Often, 
however, this is not the case ; and a single character may depend 
upon two, three, or even more independent factors. Thus, in sweet 
peas red flower colour (loj>endH upon two separate factors, A and B. 
A plant lacking either A or B or both -one that is A Abb, aaBB or 
aabb, for example — has white flowers. 

This was first discovered accidentally by crossing two white 
varieties, one of which happened to be AAbb and the other aaBB. 
The Fj, deriving Ab from one parent and aB from the other, had the 
formula AaBb ; and since it possessed both A and B it had coloured 
flowers, instead of white like both its parents. Its gametes are 
1 AB 1 Ab -)- 1 aB f 1 ab, and the zygotes given by self- 
fertilization can be found from a checker board exactly as in the 
example of two factor inherit.ance, R and B, already given. If the 
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squares are counted up it will be found that nine of them contain 
both A and B, while the remaining seven lack either A or B or both. 
Th(‘ Fg therefore consists of plants with coloured and plants with 
Nshite flowers in the j)roportioii 9:7. Other instances may be still 
more complicated. Thus a third factor C changes red-flowered 
8we(‘t peas to purple ; so that purple depends on three independent 
factors. There is no need to consider examples of this sort in any 
detail, since although they make for complexity they do not affect 
the general principles in any way. They merely illustrate the fact 
that a desirable character may depend on many factors instead of 
only one. so that it will he regained in in a much smaller proportion 
than 1 in 4 ; c.f/., 1 in 16, 1 in 64, or even less frequ(*ntly. 

It has now been seen that in self -fertilized j)lants improvement 
may be brought about either by selection alone, to obtain the best 
pure line, or by creating new combinations, by crossing, and 
subsequent selection. In cross-fertilized plants, complications, 
which require the use of somewhat different methods, are introduced. 
Any individual plant is the product of a cross, and is almost certain 
to be heterozygous for many factors ; so that it would not breed 
true even if it were selfed, while probably its progeny will come from 
cross pollinations by many different plants. Consequently, 
uniformity cannot be found within the diffcTent varieties of such a 
crop, though an apparent similarity ma^^ be achieved. From a field 
of rye, containing plants with w^hite and plants with coloured ears, 
it is not difficult to produce a variety with uniformly white ears, 
white being recessive^ to coloured, by selecting only white-eared 
plants and isolating them from possible cross pollination with 
coloured-eared plants. But the new^ white-eared variety will still 
be very mixed for characters such as yield and quality of grain. 
And although it may be easy to produce varieties of cross-fertilized 
crops which are unife^rm for the more obvious characters such as 
colour, which are usually simply inherited, these characters are not 
c:)ften economically important ; and to improve the more usedul 
qualities, such as yield, or the sugar content of the cross-fertilized 
sugar beet, will be found more difficult. 

In the sugar beid it is possible to measure the sugar content of 
single roots, though if this is done on a large scale it may be 
tr(<ii[)Ie.some without a special organization. This gives a basis for 
sel( ction. But sugar content probably depends on a number of 
ta< tor-, and many of the roots selected may be heterozygous tor 
tlu'sr inctors. while others Jack some of the factors altogctlier and 
o\v(' tl cu liigh ( ontent to fluctuation, that is to their beiiig specially 
favoui ably situated with regard to soil or because the' were not 
overshadowed by their neighbours. In neither case would the high 
sugar ( ontent of the roots be transmitted to their progeny in tin 
first ea->c Ix cause the ]jlants are heicrozygotes, in the second because 
sv)me oi the necc^s.sary factors are not present at all. However, it i.s 
evident . that the first lot of roots would give bettor progeny tliaii the 
sc^cond ; and even if the plants are not scdf-fertilized this would still 



hold good to somti extent, since in all cases the pelh^i a})|)lied will 
be more or less of a similar character, coming in fad, from good and 
bad plants indifferently. 

These considerations show that if the roots with the highest 
sugar are selected and allowed to set seed under conditions of opmi 
pollination, and then the seeds of each root sown separatidy, some 
of the plots should hav^e a higher sugar content tlian others, on tiie 
average. But within each plot roots would he found which were 
very good and others that were very bad. If the best roots arc* 
again selected from the best plots only, the seeds sown separat(dy 
once more and this selection continued for sevei al gem rations, an 
improved strain would probably be obtained in which comparatively 
few plants contained factors for low sugar content and many con 
tained the factors for high sugar content. In fact, this method of 
individual selection, as it is called, has in the pa.st improved the 
sugar beet considerably. From about 1850 to 1912 the average 
sugar content of the varieties w'as raised from 10 per cent, to 18.5 per 
cent. But it has not given us lines consisting entirely of roots 
homozygous for factors for high sugar content -as we might have 
expected if many factors arc involved -so that the linos do not V)r('ed 
true even w^hen they are isolated from other lines. This means that 
selection still has to he practised even to maintain the sugar content 
at its present level. 

The method of individual selection we have just described was a 
great improvement on the previous method of mass selection. 
With the latter method the seeds of all plants with a high sugar 
content were sown together instead of separately. This meant 
that the progeny of roots which owed their good qualities to accident 
were mixed up with those of the roots that actually contained a 
greater number of the desired factors. Improvement was therefore 
much slower and more uncertain, though from about 1780 to 1850 
the sugar content was probably raised from about six per cent, to 
ten per cent, by this method. 

The possibility suggests itself that in crops of this nature self- 
fertilization might be enforced by isolating single plants complet(iy. 
so that only their own pollen was available. Plants that were 
homozygous for desirable factors might then, perhaps, be })icked out. 
and by multiplying these results might be obtained more rapidly. 
This has been tried with sugar beet, but so far with doubtful succ^ess ; 
partly because the plants set very little seed in such circumstances. 
But even in maize, w^hich sets plenty of seed when stdfed, serious 
difficulties aris(‘ because of a phenomenon that ap])ears to be common 
to most, if not all, cro.ss-fertilized plants. This is the fact that 
individuals homozygous for most of their factors are far less vigorous 
than the heterozygotes : so that after a few generations of s('lf- 
fertilization, when uniformity begins to appear, the plants obtaijuni 
are comparatively stunted, vield poorly, and wonlrl i>e valueless for 
cultivation. If. however, different inbred lines are crossed, the Fj 
plants are very vigorous ; and may even give a higher yield than the 
original variety. 
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Attempts have been made to take advantage of this hybrid 
vigour, as it is called. vSuitable inbred maize lines are crossed on a 
large scale by growing tlie two lines side by side and knm^king off 
all the male inflorescences in one line. A large amount of seed 
is produced in this w^ay, but to obtain enough for commercial use 
it is now' usual to raise a further generation by crossing two such 
series of plants together. The results are said to be promising, 
but so far the possibilities seem to be limited by the difficulty of 
getting enough seed under the careful supervision required for 
success. 

It will be realized that, in general, breeding better varieties of 
cross-fertilized crops is difficult ; and though in certain cases 
improvements have been brought about it may be doubted whether 
any really satisfactory method has yet been found. Moreover, 
further practical difficulties arise in trying to keej) pure those 
varieties that already exist. Isolation is necessary, for example, 
to maintain the varieties of mangold which differ from one another 
in the colour or shape of their roots. And since mangold pollen is 
easily carried sev€*Tal miles by the wind this means that when seed 
is being produced steps have to be taken to see that no other stock 
is being grown at the same time anywhere within a considerable 
radius. In some parts of the world Government legislation is 
enforced to ensure the purity of sto(;ks of cotton seed. In this 
crop uniformity is important ; and. though it is chiefly .self- 
fertilized, crossing is frequent enough to cause rapid deterioration 
in the quality of the stocks, so only one variety is allowed to be 
grown in anv one district . 

Further probhuns that arise in plant breeding practice can only 
b(‘ appreciated with a knowledge of the mechanism of cell division. 
Sexual reproduction consists in the union of two cells to form a 
single cell, which in its turn gives rise to the adult organism by a 
seri«‘s of divisions. This organism, again, j)roduces germ cells — egg 
cells and male gametes — by divisions of a special type ; and, from the 
union of these, further individuals are produced. This sugge.sts 
that heredity is closely connected with the rnechajiism of cell 
division, and in fact tlu‘ science of “ cytology — the study of cells, 
and ])articularly the way in which they divide— has made clear 
many difficult jirobleins in heredity. 

The ])lant cell consists of a nucleus, usually spherical in shape, 
imbedded in th(^ cyto[)la.sm, which in its turn is usually surrounded 
by a solid (*.ell wall. Nuc1(his and cytoplasm are the only essential 
constituents of the c,*ll and are both of semi-fluid somi-jelly-like 
consistency ; }>ut tbc* sti uctin * may be complicated by the presence 
in the eytopla.sm of "vatery vaciuile.s and tjrganized bodies such as 
chloroplasts. The divi.sioji of a c(*ll, or of the nucleu.s at least, is a 
far from sijn]>)(‘ process. 'JTie jiurleus first condenses into a number 
of rod-shaped bodies, t he chrorno.^onies (Fig. 12a}, which soon arrange 
themselves in a single p)an<‘ acro.ss the centre of the cell. fig. 2. In 
this position, when seen from above or below, they can be counted 
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without great difficulty and the same number is found in all the cells 
of any individual plant or animal body ; and, with a few exceptions, 
in all the individuals of a species. They can usually be seen to be split 
longitudinally by the time this stage is reached, and shortly after- 
wards the split halves separate from one another, travel to opposite 
poles of the cell, fig. 3, and form two daughter nuclei, fig. 4, 
each containing the same number of chromosomes as the original 
nucleus. The formation of a wall across the middle of the cell, 
and the apparent dissolving of the chromosomes to give the semi- 
fluid nucleus again, complete the division. The whole of the 
process can be followed in living cells, but since the chromosomes 
are transparent they are difficult to observe accurately so the method 
usually adopted is to treat the material to be studied with a solution 
which kills the cells and preserves the contents as far as possible 
in an unchanged condition. The cell contents are then stained so 
that they can be studied in detail. 

Although the chromosomes cannot be seen in the resting nucleus, 
the same number reappears at every division. Very often, too, one 
or more of them can be recognized by their shape, or some peculiarity 
in their structure, which enables them to be picked out with certainty 



at each reappearance. For reasons of this sort it appears that 
although they disappear from view after each division, and no 
doubt undergo changes of some sort, they never lose their individ- 
uality. Moreover, this elaborate mechanism of division, which 
seems to ensure that every daughter nucleus will receive an identical 
share of chromosome material, is very striking. We already know 
that all the cells of the plant body are probably alike in their 
hereditary qualities, since a whole plant may be regenerated from 
a cutting, from a fragment of root, or even in some cases from a 
few cells of the leaf. It is likely that the reason for this identity 
is the equal division of the chromosomes at cell division, and that the 
chromosomes are in fact responsible for carrying the hereditary 
properties of the organism. These conclusions have been amply 
confirmed by other evidence. 

There is ono division which is of a different type from the somatic 
division we have just described. This is the division by which the 
germ cells — egg cells and male gametes — are produced. It is known 
as the “ reduction division,” because it brings about a reduction 
in the chromosome number to one half the "previous number ; so 
that the germ cells contain half the number of chromosomes that 
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the somatic cells contain. When two germ cells unite at fertilization 
the full chromosome number is restored ; and by a series of ordinary 
somatic divisions we obtain a new individual, every cell of wWch 
contains the same number of chromosomes as the parent organism. 

At the beginning of the reduction divisions, when the chromosomes 
first appear, they are found to be associated in pairs (Fig. 73) ; and 
in species in which the different chromosomes can be recognized, 
because they have different lengths, the two members of each 
pair are found to be alike. These paired chromosomes, or bivalents 
as they are called, arrange themselves across the centre of the cell, 
fig. 0, and the two members of each pair separate and pass to 
opposite poles, fig. 7. Here, two daughter nuclei containing the 
reduced number of chromosomes, half the original number, are 
formed, fig. 8. These two nuclei immediately undergo a second 
division, figs. 9 and 10, exactly like an ordinary somatic division 
except that only half as many chromosomes are engaged ; so that 
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finally we have four cells each with the reduced number of chromo- 
somes, fig. 11. From each of these four cells a germ cell is formed 
by a series of ordinary somatic divisions. 

When fertilization occurs in a plant with three chromosomes in 
its germ cells, an egg cell with three chromosomes, which we will 
call A, B and C, unites with a male gamete carrying three similar 
chromosomes, a, b and c. The new individual has six chromosomes, 
AaBbCc. At the reduction division these do not, as we have seen, 
pair in a haphazard manner ; instead, the two members of a pair 
are always similar. This means that A pairs with a, B with b, and 
C with c ; and when the members of a pair separate, A goes to one 
pole and a to the other, so that any germ cell may contain either 
A or a but not both. 

This is exactly the mechanism of Mendelian heredity, in which, 
it wdll be recalled, the F 2 hybrid Aa produces germ cells carrying 
either A or a, and these mating at random give 1 AA + 2 Aa + 1 aa. 
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Clearly, too, AA and aa will breed true ; and Aa split up again. 
This obvious parallellism between the segregation of the chromo- 
somes and the segregation of the Mendelian factors confirms the 
oonclusion that the chromosomes carry the hereditary material of 
the organism. The conclusion has been abundantly confirmed by 
cases in which chromosome segregation and factor segregation are 
both abnormal and show the same irregularity. 

When the chromosomes segregate during the reduction divisions, 
the pairs behave independently of one another ; and it is because 
of this that Mendelian factors segregate independently : the cross 
rough -beardless x smooth-beard^ giving, in Fj, the new forms 
rough-bearded and smooth-beardless as well as the original com- 
binations. When A goes to one pole and chromosome a to the other, 
it will sometimes happen that B goes to the same pole as A and 
sometimes that b does ; and the gamete AB will be obtained as 
often as the gamete Ab. This means that so long as two factors 
A and B are carried by different chromosomes an F^ AaBb will 
produce the gametes 1 AA + 1 Ab + 1 aB + 1 ab just as Mendeli'^n 
theory demands. But this will only occur so long as A and B are 
carried by different chromosomes. Experiment show^s that when 
they are carried by the same chromosome they are no longer 
inherited quite independently. 

This complication does not involve a fundamental change m 
plant- breeding methods, but may give difficulty in particular cases. 
Thus the ordinary cultivated oat bears two or thtee grains in each 
spikelet ; and the grains themselves are tightly invested by the 
palesB or husk. A Chinese oat has as many as eight or ten gredns 
to each spikelet ; but these grains are not held by the paleae and 
easily fall out. Crosses have been made to try to combine the high 
number of grains per spikelet with the non-shedding character of 
the European oats ; but so far without success, since the characters 
many grains per spikelet and easily shed cannot be separated — they 
are completely linked. This complete linkage is comparatively 
rare, however. It is commoner for two characters, though 
associated, to separate more or less frequently so that the new' 
combination can be obtained. The only difficulty is that this 
separation may occur in rather a small proportion of cases, so that 
to obtain what is wanted large Fg populations must be growm. In 
certain wheat crosses made in Canada and the United States it has 
been found that rust resistance is linked with a type of grain 
unsuitable for bread-making ; but the linkage is not complete so 
that plants combining resistance with high-quality grain have been 
obtained eventually. 

Now that it is known that the segregation of Mendelian factors 
is a consequence of the segregation of the chromosomes at the 
reduction divisions, it has been possible to understand many cases 
of irregular inheritance that were formerly inexplicable. A simple 
example is the inheritance of sex and of sex-li^ed characters in 
animals. In most animals the female has two sex chromosomes XX, 
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often recognizably different from the others ; while the male has one 
chromosome, like the X in the female, and one Y, which may be 
missing altogether or recognizably different from the X. The 
females, of course, transmit X to all the egg-cells ; but the males 
transmit either X or Y to the sperm in the proportion 1 X : 1 Y. 
Mating between them gives 1 XX : 1 XY, that is to say, females and 
males in equal numbers. 

female male 

XX XY 

I I 

©gg-oells X sperm 1 X : 1 Y 


1 XX 1 XY 

female male 

Characters controlled by factors in the sex chromosomes show 
a special type of inheritance, known as “ sex-linked ” inheritance, 
which may be illustrated by a case — one of the first to be worked 
out — in the fruit fly Drosophila melanogaster. The character 
concerned is white ©yes, as opposed to the normal red eyes. It is 
a recessive character, carried by a sex chromosome, which can be 
denoted X. XY flies are white-eyed males, since Y, which rarely 
carries any factors at all, does not carry the dominant allelomorph 
for red eyes. When white-eyed males, XY, which will transmit X 
or Y to their sperm, are mated to normal females XX, transmitting 
X to all the egg- cells, we obtain normal males XY, and red-eyed 
females XX which carry the factor for white eyes. 

female male 

XX XY 

I I 

egg-cells X sperm 1 X : 1 Y 


1 XX : 1 XY 
heterozygous red-eyed 
females males 

If these XX females are mated in their turn to red-eyed males 
XY, we shall obtain white-eyed males XY, red-eyed males XY, and 
red- eyed females XX and XX, of which half carry the character, 
female male 

XX XY 

Y 

egg-cells 1 X : 1 X sperm 1 X : 1 Y 


I XY : 1 XY : 1 XX 1 XX 
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This means that the original white-eyed male transmitted the 
character to none of his sons but through all his daughters, who do 
not show it, to half his grandsons. Other matings give similar 
results, which are easily worked out. 

Sex-linked inheritance has an important bearing on poultry 
husbandry, since by suitable matings it is possible to tell the sex of 
a chick as soon as it hatches. In birds, unlike most animals, the male 
has two similar chromosomes ZZ, and the female two dissimilar 
ones ZW. The factor B for one of the types of barred pluma'sje is 
sex-linked, so that males carrying the factor may be denoted Zb Zb 
The females are ZbW, and it so happens that the barring is different 
because the factor B is present only once instead of twice, as it is 
in the male. 

Important examples of irregular inheritance have been given by 
hybrids between distinct species. Although the chromosome 
number of most species is constant, nearly related species often have 
different numbers ; in both wheat and oats, species with 14, 28 or 
42 chromosomes may be found. Nearly all our British wheats 
belong to the species Triiicum vidgare and have 42 chromosomes ; 
but one of them, the variety Rivet, belongs to a different species, 
T. turgidum, with 28 chromosomes. The latter stands well and 
yields heavily on suitable soils, but has a grain of very poor quality ; 
and attempts to transfer its good features to other wheats have met 
with great difficulties. In the light of the fact that it has a different 
chromosome number from the other forms this is easily understood. 
The Fi contains 35 chromosomes, of which 14 were derived from one 
parent and 21 from the other ; and, in consequence, chromosome 
behaviour during the reduction divisions is very irregular. This in 
its turn makes the partially sterile and the breeding behaviour 
very complex. This has only been understood by working out the 
behaviour of the chromosomes at the reduction divisions. 

Crops like the sugar cane and most fruits, which are reproduced 
vegetatively, are in one way simpler to breed than those propagated 
by seed since the problem of ensuring fixity does not arise. The 
members of a variety are simply parts of a single individual, and 
are all identical. It is not surprising to find that such varieties 
are usually complicated heterozygotes, giving a very mixed progeny 
if they are selfed or crossed with other varieties. In many fruits, 
indeed, the chromosomes behave irregularly during the r^uction 
divisions and a certain amount of sterility results, many of the egg- 
ceUs failing to get fertilized, so that the young ovaries drop off soon 
after the flowers have faded. In the apple this need not interfere 
with the yield, because a good yield is obtained if only a small 
proportion of the flowers set fruit ; but in the cherry, which needs 
as many fruits as possible to give a good crop, varieties with irreralar 
chromosome behaviour could not usually be grown for their miit. 

Breeding crops of this kind involves raising large numbers of 
seedlings ; either by selfing, or by crossing different varieties, or 
even different species, which need not necessudly have the same 
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chromosome number. The difficulties lie in the number of seedlings 
that must be raised, since the great majority w.ll be worthless ; 
in the fact that inhoritance is likely to be very complicated ; and in 
cases such as most fruits in the fact that a long period elapses before 
maturity is reached. 

At the present time the greatest improvements in crop varieties 
are likely to come in the newer countries of the world. In the older 
European countries, which have long practised an intensive system 
of agriculture, the varieties of crops now grown are usually of a high 
standard ; and further improvement is becoming more difficult, 
except where new varieties are required to meet changc^l conditions : 
new cereals that will stand up to large doses of artificial manure, 
fruit and vegetable varieties suitable for canning, and so on. With 
the rapid advance of the science of genetics, however, it is likely that 
new methods, giving scope for still further improvement, will be 
devised 

For further information on this subject the following books are 
suggested : — 

Punnet, R. C. Mendelism. Macmillan, London. 

Babcock, E. B. and Clausen, R. E. Genetics in Relation to Agriculture. 
McGraw Hill Book Co., New York. 

Punnott, R. C. Heredity in Poultry. Macmillan, Londoii. 

Wriedt, C. Heredity in Livestock. Macmillan, London. 

Crew', F. A. P', Animal Genetics. Oliver and Boyd, 


CHAPTER XVIII. 

STRUCTURE AND FUNCTIONS OF THE ANIMAL BODY. 

The body of a higher animal such as a man, a horse, a dog, or a fowl is, 
in common with all except the simplest forms of life, built up of a 
number of structural units or cells, microscopic in size and packed 
together in various ways. Each cell consists of a minute mass of 
protoplasm or living substance containing within it a certain special- 
ized portion known as the nucleus. In individual development the 
cells are all derived from one, the fertilized egg cell, which is formed 
by the union of a male cell with a female cell derived respectively 
from the essential reproductive organs of the male and female parents. 
This is true not only of man and the animals of the farm but of the 
great majority of animal organisms, besides a large number of plants, 
as already described. The fertilized egg cell or ovum in initial 
development undergoes division into two ; the two halves then divide 
and the process of multiplication is repeated not only throughout the 
period of growth but to a less extent during the whole of adult life. 
New cells formed in this way replace old ones which die and disinte- 
grate. In this process the nuclei of the cells also divide so that each 
new cell contains a nucleus like the mother cell. During the progress 
of development the cells become gradually specialized to form the 
different tissues — bone, cartilage or gristle, muscle, nerve, gland, etc. 
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— ^which have particular functions, each kind serving a special pur- 
pose and contributing to the well-being of the animal as a whole. 
Thus, the outer layer of cells forming the skin becomes adapted for 
protection and for receiving impressions produced by changes in the 
surroundings ; the inner layer lining the got becomes adapt^ for the 
digestion and assimilation of food ; while between these are developed 
the skeleton and general framework of the body, and all the other 
tissues which unite in performing the vital functions. In the adult 
animal there are millions of cells of different shapes and sizes but each 
consisting of a nucleus and protoplasm external to the nucleus, and 
these cells, together with a varying amount of intercellular substance, 
which is derived from the cells, go to compose the body. 

The study of the structure of animals, whether it be the gross 
structure which is visible to the naked eye or the minute structure of 
the tissues and cells which can only be investigated in detached 
portions under the microscope, is included under the term Anatomy. 
The study of the uses or functions of the various organs and parts is 
known as Physiology. These two subjects should always be con- 
sidered in relation to one another, since it is impossible to understand 
the functions of the parts of an organism without some knowledge of 
their composition and structural relations, and conversely, a true 
comprehension of the anatomy of an organ can only be gained by a 
consideration of the part which that organ plays in the general 
economy of the individual. 

Many of the functions of the body are essentially similar 
throughout the whole animal kingdom, and among Vertebrates or 
backboned animals there is a still closer resemblance. Thus, the 
processes of digestion in a frog, a bird, a rabbit, a horse and a man are 
broadly speaking similar, though there are of course marked 
differences which are generally greater the less closely related the 
animals are. So also the general laws governing muscular movement, 
the circulation of the blood, or the processes of reproduction are 
identical in every case. Thus, by investigating these processes in any 
one species of animal, we can learn a good deal about the functional 
activities of another species and more especially if they belong to the 
same group. 

Horses, cattle, sheep and pigs which constitute the principle live- 
stock of the farm, all belong to the class Mammalia, which is the 
highest of the five classes which together compose the Vertebrata. 
The other classes in descending order are birds, reptiles, amphibians 
(frogs, newts, etc.) and fishes. The Mammalia are warm blooded, 
hair-clad animals, which suckle their young, and in which with only 
two exceptions, the young undergo an embryonic development within 
the body of the mother. 

In what immediately follows the horse is taken as the type for 
study, special reference being made to the other farm animals when 
they differ markedly from it. 

Regions of the Body. — A broad distinction may be drawn between 
body and limbs. The former is divided into head, neck, trunk, and 
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tail, while the fore and hind limbs are attached respectively to the 
front and back of the trunk. The upper surface of the body is con- 
veniently termed "‘dorsal ’’ and the under surface “ventral,” while 
“ anterior and “ posterior ” technically replace the ordinary words 
fore and hind. 

In the trunk of a mammal there are two regions. The anterior 
one is the “ thorax ” or chest, and the posterior one the “ abdomen ” 
or belly — spoken of as the “ barrel *’ in a horse. The thorax is com- 
pletely separated from the abdomen behind by a transverse partition 
called the “ diaphragm,** and, though certain tubes — the gullet and 
some of the blood-vessels — pierce the diaphragm, their passage does 
not establish any communication between the cavities of the 
thorax and abdomen. 

When the thorax is opened, it is seen to contain the heart, with 
the lungs on either side of it. The heart is the organ whereby the 
circulation of the blood is effected. The lungs, called “lights*’ by 
the butcher, are concerned in the work of respiration or breathing. 

When the abdomen is opened, the chief organs seen at first are the 
stomach and intestines. By turning the latter on one side, it is 
possible to bring into view the liver, the kidneys, and certain other 
organs. 

The Skeleton, — If a horse were divested of all its soft parts, there 
would be left a bare framework of bone, gristle, and fibrous tissue, 
called the “ skeleton,” which supports or carries all other portions of 
the body. 

The skeleton (Fig. 74) is made up of an “axial** part and an 
“appendicular” part, the former including “skull,” “backbone,” 
“ribs,” “breast-bone” (sternum), while the latter comprises the 
skeleton of the appendages or limbs. The fore limbs join, or 
“ articulate,” to the axis by means of a “ shoulder-girdle,*’ the hind 
limbs by means of a “ hip-girdle.*’ 

The backbone is often termed the “ vertebral column,” because it 
is really a chain of bones, each of which is called a “ vertebra. ” Each 
vertebra is a ring, of which the dorsal part is the “ arch *’ and the 
thickened ventral part the “ body.” When the vertebras are placed 
end to end they form a tube, which, as it contains the great nervous 
axis — the spinal cord — is called the “neural canal.” In the living 
animal, the bodies of the vertebras are not actually in contact, there 
being between each pair an elastic pad or cushion, consisting of 
“ gristle ’* or “ cartilage.” Hence, the backbone as a whole possesses 
some degree of pliancy, as is seen when a cat arches its back or a man 
stoops to the ground. 

The backbone comprises several regions. In the horse, as in 
nearly all mammals, there are seven “ cervical ” or neck vertebras. 
These are succeeded by eighteen “ thoracic ” or chest vertebras, which 
support the ribs, and are above the chest or thorax. Next come six 
“ lumbar *’ or loin vertebrae ; then five “ sacral ** vertebrae, fused to- 
gether into one piece, the “ sacrum ” ; and finally about seventeen 
“ caudal ** or tail vertebrae within the tail. 
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The neck vertebree of the horse are almost cubical. Above them 
pass the “ ligaments ” of the neck, strong fibrous bands which hold up 
the head. The first neck vertebra, or “ atlas,’’ is an o\ al ring, on the 
anterior side of which are two deep cups that fit on to two correspond- 
ing knobs (“ occipital condyles”) on the back of the skull, constituting 
a hinge- j oint, that renders nodding movements possible . The second 
neck vertebra, or “ axis,” is also exceptional in character. A blunt 
peg (“ odontoid process ”) projects from the front of its body through 
the cavity of the atlas, and is attached to the back of the skull. The 
head and atlas can be moved from side to side round this peg, which 



Fit;. 74. -Skeleton of Horse. 


J, cervical vertobne. 

2, thoracic vci tebnc. 

3, lumbar vertcbr.c. 

4, sacral vert (‘lira'. 

5, caudal vcrtcVira'. 

6, parietal bone. 

7, nasal bone. 

8, ma.xillarv' bone, 

9, premaxillary bont*. 

10, mandible. 

11, ribs. 

12, costal cart ilajjes. 

13, sternum. 

14, sca})ula. 

If), ilium. 

16, ischium. 


17, humerus. 

18, radius. 

19, olecranon process of ulna. 

20, carpus (knee). 

21, cannon bone. 

22, splint bone. 

23, ])astern. 

24, corom^t. 

2”), ('oflin hone. 

26, femur. 

27, patella (stifle joint). 

28, tibia. 

29 fibula. 

30, tarsus (hook), 

31, calcaneum (heel bone). 


serves as a pivot. The arrangement is, in fact, a pivot joint. The 
chest vertebrae possess bony spines which extend upwards, the 
longest ones being at about the middle, and each such vertebra 
supports a pair of ribs. The loin vertebree have large flat lateral 
projections, which are well seen in a “saddle” of mutton. In the 
adult horse, the five sacral vertebrae are fused together into one bony 
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piece called the sacrum, which supports the hip-girdles. In the 
sacral and in the succeeding caudal vertebrae there is no continua- 
tion of the neural canal. The caudal vertebrae are, indeed, reduced 
to solid bony cylinders. 

At its anterior end, the central bony axis is greatly modified, and 
takes the form of the skull. The tube or canal, which extends along 
the backbone, here expands into a large cavity, surrounded by bone ; 
this is the “ cranial part of the skuJJ, constituting the “ brain-case '' 
or “cranium,” which lodges the brain. A still larger portion is 
seen in front and below, and comprises the “ facial ” part of the skull. 
The side-walls and roof of the cranium are made up of flat thin 
bones, chiefly the “ parietal ” bones at the sides, and the “frontal ” 
bones in front, extending above and between the eyes. Much of 
the front part of the face is supported by the “ nasal ” bones, which 
are long flat triangular bones roofing in the cavities of the nose. On 
either side of the nasal bones are the “ maxillary ” or upper jaw 
bones, which carry the upper grinding teeth (“ premolars and 
molars ”). Extending forward, and carrying the upper cutting teeth 
(“incisors”) are the two “premaxillary” bones. Two large flat 
bones, right and left, make up the powerful lower jaw, or “ man- 
dible,” in which the lower teeth are embedded. They are fused 
together in front, and diverge from each other backward, at length 
articulating by a convex projection (“condyle ”) on each side with 
the upper part of the skull. 

Of the eighteen pairs of ribs, the flattest are in front, and those 
most arched are behind. Each rib is made up of a bony part above 
and of a gristly or cartilaginous part below, this gristly part being 
called the “costal cartilage.” In the first eight pairs of ribs, each 
costal cartilage communicates separately and independently with the 
sternum, or breast- bone, below ; these are called “ true-ribs.” In the 
remaining ten pairs of ribs the cartilages run together, as it were, and 
only in this way become attached to the sternum ; these are called 
“ false ribs.” 

The sternum, or breast-bone, of the horse is narrow and keel-like. 
The sternum of the ox, on the other hand, is broad and flat, and 
imparts to that animal the broad-chested appearance seen above the 
dew-lap. 

Each “shoulder-girdle” in the horse is very simple, consisting 
merely of a “shoulder-blade,” or “scapula.” The fore-leg of the 
horse is restricted in its movement, being capable only of a motion 
backwards and forwards. It cannot move sideways, so that there is 
no necessity for a “ clavicle ” or “ collar-bone,”’ such as exists in man, 
but is absent in the horse. The scapula on each side is slender, and 
has at its lower extremity a shallow cup (“ glenoid cavity ”), in which 
the head of the upper-arm bone (“ humerus ”) works. A bony ridge 
extends along the outer face of the scapula. The ridge is thickened 
and turned backward above the middle, so that it is always easy to 
determine whether a separate shoulder-blade belongs to the right 
side or the left. 
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Each “ hip-girdle ” in the horse is less simple and more complete. 
It consists of an “ innominate bone,” made up of three parts, which 
are distinct in the young animal, but fuse into one piece as age 
advances. The large triangular bone which extends forward, and the 
rough extremity of which projects so prominently in a lean animal, 
is the “ ilium,” ” pin-bone,” or ” haunch-bone.” The bone extending 
backward to the side of the tail is the ” ischium.” The flat bone 
beneath, joining with its fellow in the middle line, is the “ pubis,” the 
place of union of the two pubic bones being called the ” symphysis 
pubis.” The three elements of the innominate bone — ilium, ischium, 
and pubis — all meet together in a deep cup, the “ acetabulum,” into 
which the head of the thigh-bone {“ femur ”) fits. The two ischia do 
not meet above, although they incline towards each other, the 
sloping surfaces resting one on each side of the sacrum. Hence, 
looking at them below from the front, the hip-girdles, with the sacrum 
forma complete bony ring or basin (the “pelvis”), which is much 
more capacious in the female than in the male. The long axes of 
the hip, on which depends the relative size of the “ quarters ” in a 
horse, form an acute angle with the vertebral column. 

The limb- bones of the horse can be best understood by comparing 
them with the corresponding bones in man. Place the hand on the 
bone which extends from the shoulder to the elbow ; this is the 
“ humerus ” or upper-arm bone. The humerus of the horse can 
easily be felt, but it is hidden beneath the skin ; nevertheless, 
when the horse 'W'alks, the movements of the humerus are at once 
noticeable. 

Lay your left forearm flat on the table, with the palm of the hand 
facing upwards. This is the supine position ; and the thumb is on the 
outer side. Feel the two parallel bones which extend from the elbow 
to the wrist — the one on the thumb side is the “ radius ” ; the other 
one is the “ ulna.” These bones are separate throughout their entire 
length, so that the radius, bearing the wrist and hand, may be made 
to rotate round the ulna. Without moving the elbow, turn the left 
hand completely over. Its palm will now face downwards, and the 
thumb, as well as the lower end of the radius, will have described half 
a circle, so that the radius and ulna, instead of being parallel, will now 
be crossed. This is the prone position, and the thumb is now on the 
inner side. At the elbow joint, the ulna cjin be felt to project back- 
wards, forming the “olecranon process” (the so-called “funny-bone”) 
of the uLia. 

The fore-limb of the horse contains the same two bones — ^ulna 
and radius — as the forearm of man. But, in the horse, the ulna, 
though it has a prominent olecranon process, dies away, and termi- 
nates in a button-shaped end rather more than half-way down the 
radius. The two bones are immovably united together, and the 
forearm is permanently fixed in the prone position. 

In the horse, the region popularly termed “ the knee ” corresponds 
with the wrist of man. The anatomical name is the “carpus,” and 
it consists of an upper and a lower row of “ carpal bones,” freely 
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inter-looked so as to prevent lateral twisting such as occurs so 
readily and usefully in man. 

There are three bones in the upper row and three in the lower row. 
An additional bone (the “pisiform”) projects at the back of the 
carpus. It is an example of the class of “ sesamoid bones,” which are 
developed within tendons, the strong fibrous cords by which muscles 
are fixed to bones. Each bone has smooth joint surfaces, and is 
provided with delicate membranes which secrete lubricating “ joint 
oil,” or “synovial fluid.” The whole arrangement is such as to 
constitute entire security against concussion. At the same time it 
permits the animal to use the fore-limbs freely wdthout risk of 
fracture, even when drawing heavy loads, or carrying considerable 
weight in the saddle at great speed. 




JVM 

Fig. 76. — Diagrammatic Reprkhen- 

TATION or THE FoRE-FOOT OF — 

A, an odd-toed or porissodactyle 

animal. 

B, an even-toed or artiodaclyle 

animal. 

c, car{)U8 or wrist (’ knee ' 
metacarpus. 

I — V, digits. 

The shaded parts indicate the 
bones that are present (a) in 
the horse, (b) in the ox and 
sheep. 



Fio. 76. — Side View of Bonks below 
Knee (carpus) of Horse. 

A, cannon bone. 

B, sesamoids. 
c, pastern. 

D, coronet. 

E, coffm bone. 

o, navicular (a se.samuKl bone). 


The “foot *’ of the lioise is merely a remnant of the foot as it 
existed in the extinct ancestors of the animal. Its bony framework 
will be best understood by comparison with the hand of man. Lay 
the left hand on the table, and notice the five digits — I, thumb ; II, 
forefinger ; III, middle finger ; IV, ring finger ; V, little finger. Feel 
the back of the palm, and notice that at the base of each digit there 
is a long bone extending betw’een the digit and the carpus or wrist. 
These are the “ metacarpals ” or “ palm-bones,” and they maybe 
referred to as metacarpal 1 (from WTist to thumb), metacarpal 2 
(from wrist to forefinger), etc. The metacarpal bones are collectively 
termed the “metacarpus.” 
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In the case of the horse (Fig. 75), the only one of these bones 
which is well developed is metacarpal 3, corresponding with the bone 
extending from the wrist to the base of the middle finger. It is this 
bone (metacarpal 3) which forms the hard solid “ cannon bone/’ or 
“ shank bone ” in the fore-foot (or hand) of the horse. This cannon 
bone is flanked by two very slender bones, which can be felt, one on 
each side. These are the “ splint bones ” ; that on the inner side is 
metacarpal 2, and that on the outer side is metacarpal 4. These 
splint bones do not extend the whole length of the cannon bone. 
Metacarpal 1 and metacarpal 5 have entirely disappeared in the horse; 
the digits, I, II, IV, and V are likewise absent. But, as if to com- 
pensate for this suppression of four of the digits, the remaining digit 
(III) is enormously developed. The arrangement, in fact, has 
gradually been evolved as an adaptation to rapid movement on a 
firm surface, where numerous small bones would be disadvantageous. 
In correlation with this reduction the carpus has been raised high 
above the ground and the two rows of its component bones have 
become interlocked, as already described, in such a way as to admit 
of a forward and backward motion and without allowing any rotation 
or lateral motion such as is shown by the hand of a man. The whole 
arrangement is thus adapted for rapid movement over the ground. 
As will be shown, later, the hind limbs in the horse have undergone a 
parallel modification during the progress of evolutionary develop- 
ment. The original stock from which horses have been derived 
consisted of small swamp-dwelling creatures, possessed of four or five 
digits to each foot. 

Double up the middle finger of the left hand, and notice the three 
joints — a basal joint next to metacarpal 3, a middle joint, and a 
terminal joint bearing the nail. The bones in these three joints are 
well seen in the single digit (Fig. 76) of the horse. The uppermost 
one is called the “ pastern,” the middle one is the “ coronet ” (so called 
because the “ crown ” of the hoof is around it), and the terminal one 
(buried in the hoof) is the “ coffin ” bone. The hoof corresponds to 
the nail of a man’s finger, but instead of being developed only on the 
back surface, it extends also round the front and sides. Behind the 
articulation of the coronet with the cofl&n bone, a “ floating ” bone 
extends across from side to side. Veterinarians call this bone the 
“ navicular,” and it occupies the region of what is known as navicular 
disease. 

The bones of the human leg have their counterparts in thfe hind- 
leg of the horse. The “femur,” or thigh-bone, extending from the 
hip to the knee, is hidden by the skin, but its movements can easily be 
seen as the horse moves. The femur has an almost spherical head, 
which fits into the acetabulum, thus forming a ball-and-socket joint. 
About one-third of the way down, on the outer side of the femur, is a 
roughened projection, in the form of a compressed ridge curving 
forwards, called the “ third trochanter,” affording a surface of attach- 
ment for some of the powerful muscles that move the hind limbs. In 
cattle, sheep, and pigs, the femur has no third trochanter. 
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In the human leg there are two long bones extending from the 
knee to the ankle joint. Of these, the “ tibia,*’ or shin-bone, is the 
stout strong bone on the inner side, and the “ fibula ” is the slender 
bone on the outer side. Both of these exist in the horse, but the 
fibula is extremely slender. In front of the human knee may be 
felt a “floating” or sesamoid bone, the “patella,” or knee-cap, 
which also exists in the horse, at the region termed the “ stifle 
joint.” The patella is attached by three strong ligaments to the 
tibia. 

The bones in the human ankle are represented by the hock, in the 
horse. The anatomical name for this region is the “ tarsus,’* and the 
bones composing it are called “ tarsal bones. ” In man, however, the 
tarsal bones, as well as the metatarsals and the digits of the foot, are 
laid flat on the ground, while in the horse they approach the perpen- 
dicular position. Suppose the “ near ” hind-leg of a horse to be 


C'ALCANEUM 


Astragalus 

Navicular 

Ext. C.‘ iNT. CUNEIFORM 


Cuboid 


Fia. 77. — Diagrammatic View showing the Positions of the Bones in 
THE Tarsus, or “Hock” of the Horse. 


looked at from the front, then Fig. 77 shows the names and 
positions of the bones that make up the hock. 

On the outside of the hock the bones are seen to be two deep, the 
“calcaneum,” “os calcis,” or heel-bone, projecting upwards and 
backwards, and below it being the “cuboid.” On the inner side 
of the hock the bones are three deep, the uppermost bone being 
the “astragMus,” which has a beautiful pulley-like surface for 
articulation with the lower end of the shin bone or tibia. 

The bones of the horse’s hind-foot are similar in name and position 
to those of the fore -foot, and may be compared with those of the 
human foot in the same way as the horse’s fore-foot was compared 
with the human hand. In man, the instep and toes of the foot 
correspond with the palm and fiingers of the hand. The bones of the 
instep, being beyond the tarsals, are, however, called “ metatarsals,” 
so that the cannon bone of the horse’s hind-foot corresponds with 
metatarsal 3, the inner splint-bone is metatarsal 2, and the outer 
splint-bone is metatarsal 4. The metatarsal bones are collectively 
termed the “ metatarsus.” 
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It is now possible to show the correspondence between the fore- 

limb and the hind-limb of the horse : — 

Fore Limb, 

Hind Limb. 

Shoulder-girdle, or pectoral arch 

Hip-girdle or p>elvic arch 

(scapul^ 

(innominate bone). 

Humerus 

Femur. 

J Radius 

Tibia ) 

t Ulna 

Fibula f 

Carpals ('* knee ”) ... 

Tarsals (“ hock ”). 

Metacarpais 

Metatarsals 

(cannon bone and splints) 

Digital region (“ foot “) 

(cannon bone and splints). 

Digital region (“ foot ”). 

(Pastern, coronet, emd coffin bones) 

(Pastern, coronet, and coffin bones) 


Fio. 78. — Vertical Section through middle or Horse's Hoof. 


A, skin of coronet. 

B, fibres of coronary frog band, 
fibres of wall. 

D, horny lamina. 

E, fibres of sole. 

F, fibres of frog. 


G, section of coffin bone. 

H, section of navdcular (a i 

inoid bone). 

I, section of flexor tendon. 

K, section of coronet bone. 

L, section of fatty frog. 


At the back of the articulation of the cannon bone with the 
pastern, there are, in each limb of the horse, a couple of “ floating ” 
sesamoid bones (Fig. 76 b, b). Ext-ernally they are covered with a 
horny growth, the “ ergot,”, overlaid Avith a long tuft of hair, the 
“fetlock” (i.e., “ footlock ”). Fetlocks are peculiar to the horse, 
and vary in length and coarseness with the breed. 

The Hoof of the Horse. — The coffin bone, the navicular, and the 
lower end of the coronet, form “ the articulation of the foot” (Fig. 
78). Four ligaments bind this articulation together. In addition, 
the “extensor tendon” passes down the front, and the “flexor 
tendon ” behind. Outside these structures are two fibro-cartilages, 
one on each side, united behind and below by the “ plantar cushion.” 
Outside, again, and fitting on the foregoing like a sock on a foot, is the 
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“ keratogenous ” (i.e., horn-producing) membrane, which secretes 
externally the epidermal material known as the horn, of which the 
hoof is composed. The entire region is richly supplied with blood- 
vessels and nerves. The hoof is seen to become continuous with the 
ordinary skin at a circular line extending round the middle of the 
coronet ; below, both in front and at the sides, is a semi-circular 
protuberance, the “ coronary cushion.” That part of the kerato- 
genous membrane which is spread over the anterior face of the coffin 
bone is called the laminal or leafy tissue, because of the laminae or 
parallel leaves seen on its surface ; inflammation of this structure is 
called “ laminitis.” 

The hoof fits closely on the keratogenous membrane, of which, 
indeed, it is the product. Its general shape is that of a cylinder cut 
across obliquely. Prolonged maceration causes it to separate into 
three parts — the wall, the sole, and the frog. 

The “ wall,” or “ crust,” is that part which remains visible when 
the hoof rests upon the ground. The middle anterior part is the 
“ toe ” (outside and inside) ; the lateral regions are the “ quart>ers ” ; 
the angles of inflection at its hinder extremities are the “ heels ” ; 
from thence, passing along the inner border of the sole, are the 
“bars,” which form outwardly the external faces of the “frog.” 
The “ sole ” has a large external curved border, and a much shorter 
internal border taking the form of a deep V-shaped notch, widest 
behind. This latter corresponds with the bars, at the meeting of 
which the point of the frog is fixed. The “ frog ” is a pyramidal 
mass of horn lodged between the two re-entering portions of the wall. 
A “ median lacunfi^” divides the inferior face of the frog into two 
divergent branches, the round, flexible, elastic, free ends of which 
are the “ glomes.” The flexibility of the hoof is promoted by a fluid 
secreted by the keratogenous membrane. At the junction of the 
wall and sole is the “ white line ” ; it is soft and flexible, and so 
prevents the breaking of the sole from the wall. The growth of the 
wall may continue indefinitely, but the sole and frog, after attaining 
a certain thickness, begin to peel off, unless otherwise kept down. 
The wall grows from its superior to its inferior border, like the human 
nail. The sole and frog grow from their deep-seated to their external 
face. 

The skeleton of the ox (Fig. 79) differs from that of the horse, in 
that the ribs are longer, wider, and flatter (notice a piece of “ ribs of 
beef ” in a butcher’s shop). The sternum is flat, not keel-like. The 
scapula is much broader at the top. The premaxillary bones do not 
carry teeth, so that the ox has no incisors or front teeth in its upper 
jaw, their place being taken by a hard pad, against which the incisors 
and canines of the lower jaw bite. In the skull the frontal bone is 
greatly developed ; it is this bone that is pierced between the eyes by 
the pole-axe when a beast is slaughtered. The upper part of the 
frontal bone, in the region of the poll, is so thick that it is occupied by 
sinuses, or cavities, and it forms laterally the conical bony cores 
which, in homed cattle, support the horns. 
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The horns are made up of a bony core ensheathed by a strong 
horny epidermal case, the material composing which is secreted by a 
deep-lying membrane similar to the keratogenous membrane of the 
hoof. The bony core becomes hollow by the extension into it of the 
sinuses of the frontal bone ; hence such horned ruminants (oxen, 
sheep, goats, antelopes) are sometimefe described as Cavicornia 
(hollow-horned) . The horny sheath persists throughout life , growing 
with the bony core. The horny covering grows like any other part of 
the epidermis, or surface skin, its cells being secreted by that portion 
of the skin which is spread over the osseous cores of the frontal bones, 
completely enveloping the latter. This skin is richly supplied with 
blood-vessels. 

The rings on the horn increase with age, the first appearing at two 
or three years ; as age advances they get obliterated from various 
causes. In the bull the horns are short, thick, and powerful ; in the 
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OX, large, long, and strong ; in the cow, long and slender. In polled 
cattle, such as the Red Poll, the Aberdeen Angus, and the Galloway, 
the bony outgrowths of the frontal bone have disappeared. 

In the fore-foot of the ox the cannon bones consists of metacarpals 
3 and 4 equally developed, but joined- together along their inner faces. 
The digits of these metacarpals are fully developed, and are not joined 
to each other. As each carries its own separate hoof, the cloven 
hoof ” is thus formed, which has been evolved with reference to 
walking and climbing on irregular surfaces. The hind-foot is 
similarly constructed 

The skeleton of the sheep resembles that of the ox in all essential 
characters. 

The cervical vertebras of the pig (Kg. 80) are, for its size, 
shorter, wider, and stronger than those of other farm animals. The 
skull has a prominent occipital ” ridge or crest. At the free end of 



434 


STRUCTURE AND FUNCTIONS OF THE ANIMAL BODY 


the middle bone of the nose, a small “floating'* bone, called the 
“ prenasal ossicle,” or “ scooping bone,” strengthens the snout. The 
mandible is so articulated to the skull that the jaw moves freely in all 
directions. The sternum is flat. Metacarpals 2, 3, 4, 5 are all 
distinct, as are metatarsals 2, 3, 4, 5, but the second and fifth do not 
reach the ground, and merely form “ dew claws ” (Fig. 80). They 
prevent the animal from sinking too deeply into soft ground. 

The skeleton of the dog, like that of all Carnivora or flesh -eating 
animals is characterized by having the ulna and fibula well developed, 
by there being four or five digits on each limb (5 in fore and 4 in hind 
is the usual arrangement for all Carnivora) and by the phalanges 
bearing claws. There are no clavicles. 

Dentition. — ^The study of the teeth is of especial interest to 
agriculturalists and animal breeders as the variation in their number 
and condition at different periods in the animal’s life is taken 
advantage of in order to determine the age. In most mammals there 
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are three principal kinds of teeth : (1 ) ” incisors,” situated in front and 
used for seizing the food and in herbivorous animals for cutting off 
the herbage from the roots (2) “ canines,” or eye-teeth (specially well 
developed in Carnivora) and used for tc^aring and cutting in the mouth 
and (3) molars or griaders (usually divided into premolars and true- 
molars — the latter 1 ^ing unrepresented in the first or “ milk ” set — 
between which the ood is ground and masticated. The teeth are 
arranged symmetric illy in equal numbers on each side and their 
number and arrangement can be expressed shortly in a “ dental 
formula.” Thus, the dental formula for a horse with a full mouth is 
as follows ; — 


Molars 


3-3 

3-3 


This means that there are three incisors on each side in each jaw, and 
similarly with the other kinds of teeth. The dental formula can be 



DENTITION 


435 


written shortly for one side (the other side corresponc mg) as follows: 

3133 

3133. 

The canines which are commonly called tushes ” in the horse are 
usually only present in the stallion. The premolars and molars in 
the horse are characterized by having complicated ridges of enamel 
running in different directions and separated by the softer cement 
substance, the whole tooth wearing with a rough surface which is 
admirably adapted for grinding or crushing the food. The incisors 
in the horse are at first vertical in both jaws but become oblique with 
advancing age. All the teeth are gradually pushed out from their 
sockets, the fangs becoming reduced in length ; at the same time the 
teeth are ground down through wear and tear, the dentine which 
occupies the central part of the tooth and is less dense than the 
enamel or cement, becoming exposed. By taking advantage of this 
fact the age of the animal can be approximately determined after it 
has acquired its full mouth of permanent teeth. In earlier life it is 
usual to ascertain the age by noting the number and arrangement of 
the temporary or milk teeth, there being two sets of teeth in the horse 
and other hoofed animals just as there are in man. The temporary 
teeth are smaller and usually whiter than the permanent ones and 
have a narrower neck. (The true molars are represented by uhe 
“ wisdom teeth,” in man and are not preceded by milk teeth, as 
already mentioned.) 

The arrangement and state of the front teeth of the horse at 
different ages may be summarized as follows : — 

Five months — Inner and middle milk incisors meet and corner 
ones are just through. 

One year — Comer incisors meet. Altogether there are 12 tem- 
porary incisors, 12 temporary molars and four permanent molars 
which have recently appeared. 

Two years — Milk incisors are all up and level. 

Two and a half years — Front incisors (4) fall out and are replaced 
by permanent ones (4). 

Four years — Middle incisors are out and permanent ones have 
appeared. Tushes begin to show in stallion. There are 24 perm- 
anent molars. 

Four and a half years — Corner permanent incisors appear. 

Five years — Permanent incisors are all level. Tushes are quite 
out of gum and may be up. 

Six years — Cement of front incisors has nearly gone. 

Thirteen years — Central enamel of front incisors has nearly gone. 

The dental formula of the ox and sheep is as follows : — 

I 5 ^ C ^ ^ PM I — I M I — The molars and pr^molars 

bear crescentic ridges which are characteristic of ruminants. Hence 
they are called “ selendont ” (the reference being to the crescent 
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moon). There are no incisors or canines in the upper jaw, these being 
replaced by a dental pad agaimtt which the lower teeth bite. The 
permanent incisors are much larger and broader than the milk teeth 
and are known in the ox as the “ broad teeth.’' The canine is often 
regarded as a corner incisor (which it in every way resembles), and 
on this view the canines are unrepresented. 

The arrangement of the front teeth of the ox at different ages is 
as follows : — 

One year — Milk incisors only (all baby teeth ”). 

One and a half years — Central incisors are up (two “ broad 
teeth ”). 

Two and a half years — Central and middle incisors up (four 
broad teeth ”). 

Two and three quarter years — ^All incisors up (six “broad teeth ”). 

Three and a half years — Canines up (eight “ broad teeth ”). 

An animal with milk teeth only is described as a “ beefling ” or 
“ baby beef ” animal. 

The arrangement of the front teeth of the sheep at different ages 
is as follows : — 


At birth — ^No teeth. 

One month — Full mouth of temporary incisors. 

One and a quarter years (Shearling) — Two central incisors. 

One and a half years — ^Two middle incisors (four altogether). 
Two and a half years — Two lateral incisors (six altogether). 
Three years — Two corner incisors (or canines). (Eight front 
teeth altogether.) 

In the pig the dental formula is as follows : — 


M 


3-3 

3 - 3 * 


The pig has the full mammalian dentition of forty-four teeth. 
The canines are enlarged to form the tusks, especially large in the 
male. The molars and premolars are provided with knobs or bosses 
(typically four) instead of crescentic ridges ; such teeth are called 
“ bunodont.” It is to be noted that the teeth develop in a different 
order from that of the other animals mentioned. 

At birth — Two temporary teeth on each side in each jaw (corner 
incisors and canines). 

Three months — Full mouth of temporary teeth. 

Nine months — Two permanent teeth on each side in each jaw 
(comer incisors and canines but the latter are only through the gums). 

Thirteen months — ^A pair of permanent central incisors in each 
jaw. 

Eighteen months — ^A pair of permanent lateral incisors in each 
jaw (full mouth). 

The dog has the following dental formula : — 
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The canine teeth are especially well developed, as in other Carni- 
vora. For the purpose of tearing flesh the molars are also modified, 
especially the last premolar in the upper and the first molar in the 
lower jaw ; these have sharp scissor-like blades which come together 
as the jaw closes, and are known as “ camassial teeth. 

Muscular System. — The skeleton affords support to the soft 
parts of the body. These soft parts consist very largely of flesh or 
muscle. A muscle is made up of '' fibres,*’ and most of the muscles 
concerned in the movements of the limbs are spindle-shaped, that is, 
swollen in the middle and tapering at the ends. Such muscles, under 
suitable conditions, “ contract,” by which is meant they become 
shorter and thicker, so that their two ends are brought nearer to each 
other. As one of these ends (the ” origin ”) is usually relatively fixed, 
the result is that whatever is attached to the other end (the 
“ insertion ”) is compelled to move. In this way the movements of 
the limbs are brought about. The rough surfaces, or ends, with which 
some bones are provided (e.g., the third trochanter, p. 429), serve to 
facilitate the attachment of muscles, or of the fibrous cords or 
tendons, in which the muscles often terminate. 

Metabolism. — As in the case of plants, so also with animals the 
complete series of chemical changes going on in the living substance 
are grouped together under the term ‘ ‘ metabolism . ” It is character- 
istic of living matter, as contrasted with non-living, that there should 
be a constant change of substance, although the outward form 
remains much the same, apart from modifications due to growth. 
But whereas in a green plant the material taken in consists of carbon 
dioxide, water, and simple mineral substances, an animal requires 
complex food of organic nature, and all animals, in the long run, are 
dependent upon green plants for their supply of such food ; that is to 
say, carnivorous animals are dependent upon herbivorous ones which 
in turn obtain their supply of energy from plant food. This is 
because an animal cannot, like a green plant, use the energy derived 
from sunlight to manufacture simple non-nitrogenous organic 
compounds from water and carbon dioxide. In an animal these 
complex substances of which the body is built up are broken down 
into simpler ones by a process of oxidation, the oxygen necessary for 
the process being absorbed in the act of respiration. 

Digestive System. — The digestive organs of an animal are those 
which are concerned with the conversion of the ingested food into a 
condition such as to render it capable of being absorbed into the 
circulating blood or lymph in which the nutritive material is carried 
to the various parts of the body according to the animal’s needs. 
There are three principal classes of foodstuffs — ^proteins, carbohy- 
drates and fats — to which must be added certain essential minerals 
which enter into the composition of some part of the body, certain 
accessory food substances known as vitamins, and water. The con- 
sideration of these various substances is dealt with in Chapter XIX. 

In all the higher animals the digestive organs consist of a long 
tube, the alimentary canal or gut, which traverses the entire length 
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of the body, and of certain glands connected with it. The successive 
regions of the canaJ are — “mouth,** “pharynx,** “gullet,** “stomach,** 
“small intestine,** “large intestine,** (“cascum,** “colon,** “rectum*’) 
(Rg. 80 a), and these will now be separately considered, while at the 
same time the course of the food through the body will be traced. 

Commencing at the mouth, the food is crushed between the molar 
teeth, the muscl‘ s of the tongue and the cheeks continually guiding 
it to where it can be chewed. Meanwhile the salivary glands that 
open into the mouth pour out a fluid called “ saliva ’* which moistens 
the food, and every now and again a bolus is moulded and passed to 
the back of the mouth behind a fleshy curtain called the “ soft 
palai/C *’ into a dilatation known as the “ pharynx,** with which the 
nasal cavities are also connected. From the pharynx a distensible 
tube — ^the “ gullet *’ or “ oesophagus ** — extends through the thorax, 



Fio. 80a, — Diaobammatic repbesentation op the Alimentaby Canal (the 
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1, mouth. 

2, soft palate. 

3, pharynx. 

4, oesophagus or gullet. 

5, stomach. 

6, pylorus. 


7, small intestine. 

8, iieo-caecal valve. 

9, csecura. 

10, colon. 

11, rectum. 


A, trachea. d, region of pancreas. 

B, position of lungs. b e, position of diaphragm, 

c, region of ’iver. 

at the hinder end of which it pierces the diaphragm (a musculo- 
membranous partition separating the thorax and abdomen). In the 
abdominal cavity tue gut suddenly enlarges to form the stomach, a 
large bag, which in some animals occupies a considerable part of the 
cavity. The exit from the stomach is by a narrow opening, called 
the “ pylorus,” into the small intestine, a narrow, thin-walled tube, 
many times the length of the animal to which it belongs. Hence it is 
doubled up in an intricate fashion in order that it may be accom- 
modated within the restricted space contained in the abdominal 
cavity. Nor is it merely doubled upon itself many times— it is also 
slung up and kept in position. 

Take a pocket-handkerchief and double it lengthwise, keeping the 
two e<^es uppermost. Within the fold, at the bottom, place a length 
of india-rubber tubing, so that it reposes between the two adjoining 
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iaces oi the handkerchief. Now gather together, or pucker up, the 
free margins of the handkerchief that are in contact above, and, as a 
result, the india-rubber tubing will be coiled or doubled on itself. It 
is in a somewhat similar way that the long intestinal tube is packed 
and slung in the abdominal cavity. The place of the handkerchief is 
taken by a delicate transparent sheet of “ connective tissue,” called 
the “ mesentery,” which is doubled on itself, so as to form a loop in 
which the intestinal tube reposes, whilst, between the two faces of the 
mesentery, which adhere together,' delicate tubes or vessels pass to 
and from the intestine. The transparent filmy material — here and 
there laden with fat — which is often spread out upon a dish of pig’s 
fry, gives a good idea of the nature of the mesentery. It should be 
added that the mesentery is continuous with a moist membrane, 
the ” peritoneum,” that lines the abdominal cavity. 

Traced onwards, the small intestine comes to an abrupt termina- 
tion by opening suddenly into a much wider tube, called the large 
intestine, and consisting of three regions : firstly the “caecum,” or 
blind gut; next, the “colon”; and, finally, the “rectum,” which 
opens externally by the vent or “ anus.” 

In the horse the caecum is used largely as a reservoir for water, its 
contents being normally very fluid. The immense colon in the horse 
is used for the digestion of cellulose or fibre and corresponds function- 
ally to the rumen in the ox, but the latter organ is at the extreme 
fore end of the gut. 

It is popularly said that oxen and sheep have four stomachs, 
but in reality the three anterior ones, of which the first is the rumen 
or paunch, are enlargements of the gullet ; indeed, in the young 
ruminant the first three compartments are undeveloped and do not 
function. The names of these compartments in the order in which 
the food traverses them, are : — 

1. The “ rumen ” or paunch (the “ tripe ” of butchers is chiefly 
this). 

2. The “ reticulum ” or honeycomb stomach. 

3. The “ omasum,” “ psalterium,” or manyplies. 

4. The “ abomasum,” reed, or rennet stomach. 

The capacity of the stomach in cattle is enormous, amounting to 
from fifty to sixty gallons, and filling the greater part of the abdomi- 
nal cavity. The paunch alone is nine-tenths of the entire volume of 
the stomach, the remaining three divisions constituting a more chain 
on the front left side of the paunch. In sheep and goats, though 
absolutely smaller, the paunch is relatively as large as in the ox. The 
fourth division, or abomasum, is the only part of the ruminant 
stomach, the internal lining membrane of which secretes gastric juice. 
It is called the remfet stomach, because it is the fourth compartment 
of the calf’s stomach, which is salted and preserved, in the form of 
“ veils,” to furnish natural rennet for use in cheese-making. The 
secretion of the gastric or peptic glands (p. 440) supplies the rennet. 

Ruminants can stow away, in the rumen or paunch, a huge 
quantity of vegetable food. This, at a suitable time, is regurgitated. 
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into the mouth, where it is mixed with the juice of the salivary 
glands, and slowly reduced to a fine condition between the teeth — ^this 
is called “ chewing the cud,** or rumination. Parsing again down the 
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A, gullet or oesophagus. 

B, rumen or paunch. 

c, reticulum or honeycomb. 
D, omasum or liber. 


E, abomasum or rennet stomach 

(the true digestive chamber). 

F, small intestine. 

o, gutter made by a fold of the 
lining membrane of c. 


gullet, the masticated food is this time directed along a gutter (Fig. 
81, g), through the third division, which acts as a strainer, and so into 
the fourth division of the stomach — the reed, rennet stomach, or 
abomasum. The glands imbedded in the lining of this compartment 
of the stomach pour out abundant gastric juice (p. 441) upon which 
the food, which is at the same time kept in continual motion by the 
peristaltic contractions (p. 441) of the wall of the organ. Through a 
narrow aperture, the pylorus, the material leaves the ruminant 
stomach, and pursues its course along the intestines, as in horses and 
pigs. The peculiar digestive organs of ruminants no doubt gradually 
came into existence as a means of protection, in a region where power- 
ful carnivorous animals abounded. They enabled food to be rapidly 
swallowed, after which some place of security was sought, where the 
processes of chewing and digestion could be carried out at leisure. 
Existing wild ruminants — e.g., antelopes — still benefit by this 
arrangement. 

Of the food which a mammal eats, part is digested — that is, 
converted into a soluble form fitted for absorption into the blood. 
The remainder, which escapes digestion, passes through the canal or 
tube which has been described, and is finally ejected from the body as 
dung. The course taken by such an undigested particle is, therefore, 
mouth, pharynx, gullet, stomach, small intestine, caecum, colon, 
rectum. 

The Digestive Juices. — Connected with the alimentary canal are 
certain structures, called “ glands,** which possess the power of manu- 
facturing, out of the blood which flows through them, special juices, 
which they pour out in the form of seci*etions. Opening into the 
mouth are the salivary glands, already referred to (p. 438), and 
innumerable minute tubular jfastric or peptic glands are imbedded in 
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the lining of the stomach (abomasum in ruminants). They secrete 
the gastric juice. In the abdominal cavity are two very important 
glands, the liver, which secretes the “ bile,** and the pancreas (or 
sweetbread), which secretes the “pancreatic juice.** Asides this, 
there are vast numbers of microscopic tubular intestinal glands in the 
lining of the small intestine. Their secretion is known as “ intestinal 
juice.** 

The liver is the largest gland in the body, and is packed, as it were, 
between the diaphragm and the stomach (Fig. 80a, c). By turning 
back its lobes there may be exposed an olive-green pear-shaped body, 
called the gall-bladder (absent in the horse), connected with a tube 
that r\ins from the liver to the beginning of the small intestine, into 
which it opens. This tube is the “ bile duct,’* and along it flows the 
bile, a golden-coloured liquid, which the liver prepares from the blood, 
and which is poured in amongst the mass of food-material undergoing 
digestion in the small intestine. When there is not much food in the 
small intestine the process of digestion is less active, there is a 
diminished demand for bile, and the fluid is then temporarily stored 
up in the gall-bladder. 

The pancreas, or sweetbread, is a pale-coloured gland, which is 
distributed in a patchy fashion upon that portion of the mesentery 
which adjoins the stomach and (Fig. 80a, d) the U-shaped first part 
(“ duodenum ”) of the small intestine. The juice which it secretes is 
poured by means of a narrow tube, the “ pancreatic duct,*’ into the 
small intestine, in the same way as the bile duct pours in bile. 

It is now apparent that, in its passage through the alimentary 
canal, the food is subjected to the action of the saliva, the gastric 
juice, the pancreatic juice, the bile, and the intestinal juice, the 
joint effect of aU of which is — in the case of a healthy animal — to 
dissolve such parts of the food as can be used for repairing waste and 
effecting growth. But an important question here arises. Why 
does food travel along the alimentary canal ? How, again, can a 
horse or an ox pass its food along when, as in grazing, its head is 
lower than its stomach ? 

If a rabbit, or a rat, or any other mammal, is killed, laid on its 
back, and its abdomen opened immediately after death, the intestines 
are seen to be in continual writhing movement. During life, this 
wave-like motion is incessantly in progress throughout the entire 
length of the gut from the gullet onwards. A kind of gripping 
contraction takes place, travels onwards, and is at once followbd by 
another the result being that the food is propelled in the desired 
direction, and, in the stomach, undergoes a motion like that of 
churning. This movement in the gut is called “ peristaltic contrac- 
tion,** and it is the work of the muscular fibres which form the middle 
coat of the wall of the canal. The motion is involuntary — that is, it 
is not under the control of the will, and goes on unceasingly. 

With such exceptions as sugar, most of the solid constituents of 
the foods of animals are practically insoluble. By the process of 
digestion, however, these ingredients are brought into a form in which 
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they can be absorbed by or taken into the blood. The chief agents in 
this process are ferments, complex proteins, of which minute 
quantities are contained in the digestive juices, bile excepted. 
Ferments are of great physiological importance, because they are 
able to bring about a very large amount of chemical change without 
being appreciably used up themselves. 

The saliva which is poured into the mouth not bnly lubricates the 
food, thus softening it and rendering it easy to swijlow, but also 
exerts a chemical action. It' contains a very smaU quantity of a 
ferment known as “ptyalin.” This converts starch into sugar 
which is readily soluble, and in the dissolved state easily diffuses 
through a moist membrane. Ferments which act on starch in this 
way are said to be “ amylolytic — i.e., starch converting. 

Gastric Juice is slightly acid, owing to the presence of a small 
amount (*2 per cent.) of free hydrochloric acid, which apparently acts 
as a germicide, destroying deleterious bacteria, etc., that happen to 
be swallowed with the food. This secretion contains two ferments : 
(1) ‘‘rennin,” which curdles milk, and (2) “pepsin,” which converts 
the comparatively insoluble proteins into soluble diffusible proteins 
called “peptones.” Rennet owes its peculiar properties to the 
presence of rennin (sec* p. 439). Because of its action on proteins 
pepsin is known as a ‘ proteol^^tic — i.c., protein -dissolving ferment. 
Gastric juice has no effect upon starches or fats. But it helps to 
break up fatty tissue in that it dissolves the coimective tissue which 
binds the fat vesicles together. 

The bile, owing to its strongly alkaline character, plays an import- 
ant part in emulsifying the fats — that is, in reducing them to a very 
fine condition, in which their particles are capable of being suspended 
in the body of a liquid. New milk is a good example of an emulsion, 
but, after the cream has been allowed to rise, it is hardly possible, by 
any means, again to mix up the fatty particles with the liquid as 
thoroughly as before. So, when oil is poured on water in a bottle, it 
requires violent shaking to mix the two thoroughly — that is, to make 
an emulsion. The addition of a little carbonate of soda or similar 
alkaline substance renders this easy. 

Tlie pancreatic juice carries on the work begun by other digestive 
juices — saliva, gastric juice, bile. It is an alkaline fluid, containing 
three ferments : (1 ) “ araylopsin,” which is amylolytic ; (2) “ trypsin,” 
which is proteolytic ; and (3) “ steapsin,” a fat-splitting ferment. 

The amylopsin continues the work begun by the saliva of convert- 
ing starch into sugar ; the trypsin acts upon proteins and peptones, 
breaking them down to simple bodies called amino-acids, and the 
steapsin splits fats into glycerine and fatty acids. At the same time 
the alkaline constituents of the pancreatic juice assist the bile in 
emulsifying the fats. 

It need only be said of the intestinal juice that its action is broadly 
speaking similar to that of other ferment containing substances and 
that it contains special ferments acting on various kinds of sugars. 

The nett result of the chemical digestion described is to reduce a 
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large part of the starch, fat, and proteins of the food into soluble 
sub^nces that are absorbed into the blood, as will be subsequently 
explained. 

It also appears that a part of the cellulose which makes up so much 
of the food of the horse, ox, sheep, and goat, is convert^ into a 
soluble form within the alimentary canal. This, however, is not the 
work of the digestive juices, but is due to the ferment action of 
certain bacteria, more particularly in the colon. 

Cireulatory Organs. — It is clear that some arrangements are 
necessary to secure the distribution of digested food throughout the 
body, to carry waste products to the organs by which they are re- 
moved from the system, and also to maintain a uniform temperature. 
These duties are discharged by the circulatory organs, a set of tuber* 
and other spaces containing the fluids known as blood and lymph, 
that serve as media of exchange, and are respectively contained in the 
blood system and the lymph system, which are best considered 
separately. 

Blood System. — A drop of fresh blood, obtained by pricking a 
finger-tip (after tightly winding a piece of string round the base of the 
end-joint) should be examined under a high power of the microscope 
(Fig. 82). It will be seen to consist of a liquid (“ plasma**) and of 
innumerable very minute '' corpuscles.** These are of two kinds, red 
and white. The far more numerous red corpuscles are circular 
biconcave bodies, devoid of a nucleus (as 
in all mammals), and of a pale, reddish - 
yellow colour, owing to the presence of a 
complex substance, hasmoglobin,** resem- 
bling in some ways the green pigment 
(chlorophyll) of plants. When seen in 
bulk these corpuscles are red, and to them 
the characteristic colour of blood is due. 

They are of great importance in connection 
with respiration and may be regarded as 
oxygen-carriers. 

The white or colourless corpuscles (“ leu- 
cocytes *’) are larger and much less numerous 
than the red ones, and if treated with very 
dilute acetic acid are seen to contain a 
nucleus. When kept at the temperature of 
the body they exhibit a constant change of 
shape, and crawl about from place to place. 

They are, in fact, wandering ceDs, which 
perform a variety of functions. One impor- 
tant use of the colourless corpuscles of the 
blood (and lymph) is to serve as a kind of territorial army, engulfing 
and digesting disease bacteria that have entered the S3n9tem. 

The blood moves or circulates through the body in a closed set of 
tubes, the organs of circulation of the blood, which comprise (1) the 
heart ; (2) arteries ; (3) veins ; and (4) capillaries. 
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Highly magnified. 

A, red corpuscles, seen 
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B, ditto, seen edgeways. 

c, white corpuscles. 

n, nucleus. 
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The heart, which may be regarded as a central force-pump, is a 
hollow muscle, formed of two independent halves, right ana left. 
Each half is divided into a thin-walled anterior compartment, the 
** auricle,*’ anda thick-walled posterior compartment, the “ventricle.” 
The whole organ is enveloped in a delicate membrane, the “peri- 
cardium,” forming a kind of double bag, with pericardial fluid 
between its two layers, and is lined internally by a similar kind of 
membrane, the “endocardium,” flaps of which project inwards to 
form “ valves.” Such valves exist at the orifice between the auricle 
and the ventricle on each side, and also at the orifice leading out of 
each ventricle. The valves are so arranged as to permit the blood to 
flow from auricle to ventricle, and from ventricle outwards, but to 
prevent its passing in the opposite direction. In a state of healthy 
life, the blood in the left side of the heart is of a bright scarlet colour 
(“arterial blood”) ; that in the right side is of a dark purple hue 
(“ venous blood”). 

The vessels, or tubes, which carry blood from the heart are called 
arteries ; those which convey blood to the heart are veins. The 
arteries spring from the ventricles ; the veins discharge into the 
auricles. As an artery is traced away from the heart it is found to 
branch continually, the branches themselves breaking up in a similar 
way. The subdivision is continued until extremely narrow thin- 
walled tubes, the capillaries, at length result, and these permeate 
every part of the body, except the epidermis and its appendages 
(hair, wool, horn, etc.), and the cartilages. 

Traced onward, the capillaries are found to give origin to the 
smaller veins, which become confluent into larger and larger veins, 
through which the blood returns to the heart. 

Without entering at any length into the details of the circulatory 
organs, the student may acquire a knowledge of the chief facts by 
following the course of the blood from the heart back to the place of 
starting. The names of the chief vessels and tubes through which 
the blood flows may be mentioned incidentally. 

Starting, then (Fig. 83), with a particle in the scarlet blood of the 
left ventricle (1), it is driven by the contraction (beating) of the heart 
through the open “ semilunar ” valves into a strong elastic artery (2) 
called the “ aorta.” This curves round to the left, and while it sends 
a branch (3) towards the head, the main trunk extends backward (4) 
beneath the vertebral column, and eventually divides into two “ iliac ” 
arteries (beneath the ilia, p. 427) one of which supplies the right hind- 
leg, and the other the left. In due course the particle finds itself in a 
capillary (8), either in the pelvic region or in the limb. Hurried 
along in the current of the blood, it travels through the smaller veins, 
and ultimately reaches a great vein (9), the “ posterior vena cava,” 
which extends beneath the vertebral column alongside the aorta. 
This vein passes forward, pierces the diaphragm — as does the aorta 
in passing backward — and throws the particle into (13), the right 
auricle of the heart. The contraction of the auricle drives the 
particle past the open “ tricuspid valves ” into (14) the right ventricle, 
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the contraction of which propels it through the right “ semilunar ” 
valves into (15) the “ pulmonary ” artery, through the narrowing 
branches of which it reaches at length one of the blood capillaries in 


The enlmal is supposed to be 
opened alone the under or ventral 
side, and to m laid upon Its back, so 
that the left of the animal is at the 
observer's right. The arrows indicate 
the direction of flow. The vessels 
along which arUtrial blood travels are 
unshaded (chyle flows through D) ; 
those which convey verums blood are 
represented by the full black colour. 
Notice that all the arteries eaceept the 
pulmonary artery (l&) carry arterial 
olood, and all the veins except the pul- 
monary veins (16) venous blood. In 
other words, whilst in the eyetemic 
circulation the arteries convey arterial 
blood and the veins venous blood, in 
the pulmonary circulation this state of 
things is reversed. 

H, heart. (17, 18, anricles ; la, 14, 

ventricles ) 

L, L, lungs. 

T, trachea, or windpipe. 

B, B, bronchi. 

K, kidney. 

I, I, intestinal canal 
IJR, liver. 

A, lactealri. 
l», thoracic duct. 

r, blood vessels carrying bloo<], and 
absorbed peptones, sugar, etc., 
from small intestine to portal 
vein (11). 

1, left ventricle. 

2, aorta. 

.‘1, artery supplying head and fore- 
limbs. 

4, dorsal aorta. 

hepatic artery supplying liver. 
r>, artery supplying intestines. 

7, renal artery supplying kidney 
blood capillaries, 
tt, posterior vena cava. 

10, renal vein 

11, portal vein. 

12, hepatic vein. 

13, light auricle. 

14, right ventricle. 

15, pulmonary arteries. 

16, pulmonary veins 

17, left auricle. 

18, blood capillaries. 

19, vein from fore part of bodv 

20, anterior vena cava. 
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the air-cells of (L) the lungs (Pig. 84), Thence it travels through the 
smaller veins of the lungs, and ultimately passes into (16) one of the 
pulmonary veins, which enter (17) the left auricle of the heart, 
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whence the particle is driven past the open mitral ” valves into (1) 
the left ventricle, and so regains the point from whioh it started. 

The contraction of the heart is rhythmic, or regular. First the 
auricles contract together, next the ventricles, and then there is a 
pause, after which the contractions are repeated. It is the volume of 
blood suddenly thrown into the aorta by the ventricular contraction, 
and distending the walls of that elastic vessel, which produces the 
pulse. The number of pulsations corresponds, therefore, with the 
beating of the heart. Arteries are, as a rule, deep-seated, but the 
pulse can be felt at a few places where an artery of some size passes 
along the surface of a superficial bone ; in horses, on the border of the 
lower jaw, or inside the elbow ; in cattle, under the tail, or on the 
middle of the first rib. As the pulse takes time to travel along the 

4 arteries, it is felt later in, say, the foot, 
than at the temple. The normal pulse 
of full-grown animals is, in the horse, 
about 36 per minute ; in the ox, 55 ; in 
the sheep and pig, 75. The pulse rate 
increases with exercise and decreases with 
rest. In young animals it is more rapid, 
and when an animal is feverish it is more 

As the united sectional area of the 
arteries is much greater than that of the 
aorta, which supplies them, the pulse 
dwindles, and in the veins it has disap- 
peared altogether. Indeed, so little is the 
effect of the ventricular contraction felt 
_ „ , , in the veins that they are pro\ ided with 

Shekp, Been f r( m below valves, arranged m such a way as to flap 

1 ritrlit lujic against the walls, while the blood is flowing, 

2! left lung.^ Q'S it should, towards the heart, but to 

3 , trachea or will dpi j)e. float across and bar the path should the 
4, heart. blood attempt to flow in the reverse 

r^ght^and^lefr^* direction. By pressing the lower end of the 

6 , vena cava posterior. jugular vein, which extends along the 
groove on either side of the neck of a horse, 
it is possible to “ fill the jugular ; for the moment, the blood is pre- 
vented from flowing on towards the heart, and the knotted appear- 
ances show the positions of the valves. We can understand from the 
above why the blood flows from a cut artery in jets or spurts, and 
from a c\it vein in a steady but slower fashion. And it is worth 
remembering that bleeding from an artery can be arrested by pressure 
on the side nearer to the heart, w^hile the opposite i6 true in the case 
of a vein. 


It is now possible to answer two important questions. How does 
the dark (venous) blood in the right side of the heart differ from the 
scarlet (arterial) blood in the left side ? What is the cause of this 
difference 1 
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From whal has been already stated, it is obvious that the change 
from dark blood to scarlet blood takes place during the passage from 
the right ventricle to the left auricle — that is, while the blood is 
passing through the capillaries of the lungs — this is called the 
“ pulmonary ” circulation. On the other hand, the blood is changed 
from scarlet to dark purple during its course from the left ventricle to 
the right auricle — that is, in the capillaries of parts of the system 
other than the lungs — this is called the “ systemic ** circulation. The 
chief difference between the scarlet blood and the dark blood is that 
the former contains more oxygen and less carbon dioxide than the 
latter. If a vein is opened on the surface of the body, blood that is 
dark purple in colour flows from it. But it immediately l)ecomes 
scarlet because, exposed to the air, it absorbs oxygen. 

The scarlet blo^ that leaves the left ventricle is purer than the 
dark blood on the other side of the he.art. In its passage through the 
capillaries of the system, however, the blood performs certain work. 
It carries material where it is required, and in this way it builds up or 
repairs the tissues, which it also supplies with oxygen. But it does 
more than this, for in all parts of the body waste is going on, and the 
products of such waste are swept away in the blood, to be carried to 
organs by which they are excreted, or removed from the system. 

It is important to realize that the arteries and veins, especially the 
former, possess comparatively thick walls, through which diffusion 
cannot take place. The size or calibre of these vessels can be 
enlarged or diminished, owing to decreased or increased contrac- 
tion of a muscular layer in their walls, and the supply of blood to 
a particular part can therefore be adjusted. Such adjustment is 
controlled by the nervous system. 

The actual exchange of material between the blood and the living 
substance of the body takes plaee in the capillaries, by diffusion 
through the excessively thin walls of these microscopic vessels. At 
the same time the maintenance of an equable and constant temper- 
ature in all parts of the body is rendered possible. 

Lymph System. — Everyone must have noticed tlie clear fluid that 
collects underneath a blister on the hand or foot. This is a local 
accumulation of lymph, a fluid that occupies certain large spaces in 
the body, such as the abdominal cavity, the })ericardial cavity, and 
the pleural cavities, and also fills up the minute irregular crevices in 
the various tissues. Microscopic examination 8ho\^s that lymph 
consists of white or colourless corpuscles floating in liquid plasma. 

Connected wdth the lymph -spaces are a number of delicate lym- 
phatic vessels, re.sembling small veins in structure, and ultimately 
opening into a slender tube, the thoracic duct, lying just below the 
backbone in the front part of the abdomen and in the thorax, and 
communicating with the great veins on the left-hand side at the base 
of the neck (Fig. 83, d). At this point lymph is constantly flow'- 
ing into the blood. The lymphatic vessels of the intestine have 
received the special name of ‘‘ lacteals ” (L. lac, lactis, milk), because 
after a meal containing fat they are seen to be filled with a 
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milky-looking fluid. Here and there in the course of lymphatics 
rounded nodule-like bodies may be observed, a well-known example 
being the ‘‘pope’s eye” in a leg of mutton. These are the lym- 
phatic glands, which may be regarded as manufactories of colourless 
corpuscles. 

Breathing or Respiratory Organs. — The windpipe (“ trachea ”) 
runs from the pharynx — below the gullet — along the ventral side of 
the neck into the thorax, where it divides into the right and left 
“ bronchus,” going to the corresponding lung. 

Each of these organs is invested in a sort of double bag, 
comparable to the pericardium. The presence of a smaU quantity 
of lymph between the “ pleurae,” or membranes forming the walls 
of this bag, enables the lungs to glide over the inner surface of the 
thorax without friction as the respiratory movements take p1 vce. 
The disease known as “pleurisy” results from inhammation of 
the pleural membranes, and is associated with more or less friction 
and pain. 

If we follow a bronchus into its lung we shall find that it divides in 
a branching manner into smaller and smaller tubes, the smallest and 
most delicate of these being called “ bronchial tubes,” inflammation 
of which causes bronchitis. (It may be noticed in passing that the 
termination “ itis ” (met with in the names of many diseases) means 
“ inflammation,” a condition associated with the local accumulation 
of colourless corpuscles for the purpose of attacking disease germs). 

A bronchial tube ends in a group of minute “air-sacs,” the delicate 
walls of which are closely surrounded by a close net-work of capillary 
blood-vessels. Inflammation of the lungs or pneumonia is an inflam- 
matory disease of the bronchial tubes and air-sacs, and is not 
infrequently associated with pleurisy, in w'hich case the term pleuro- 
pneumonia is employed. The mischief is caused by the entry of 
certain bacteria. 

The greater part of the spongy substance of the lungs is made up 
of the bronchial tubes, with their air-sacs. It is through these that 
breathing or respiration takes place. This consists of the taking in of 
pure oxygen, while at the same time the waste product, carbonic acid 
gas or carbon dioxide, is excreted or removed from the system. In 
the animal there is, so to speak, an exchange of material between the 
dark impure blood in the capillaries of the air-sacs and the air which 
these contain. Oxygen diffuses from the air into ti 3 blood, and 
carbon dioxide from the blood into the air. The latter also receives 
a good deal of water v? )our, and a minute quantity of nitrogenous 
waste, while at the same time its temperature is raised. We con- 
sequently find that the air breathed out or exhaled differs consider- 
ably from the air breathed in or inhaled. 

The blood going to the lungs is said to be impure — i.e., it contains 
relatively little oxygen and a large amount of carbon dioxide. After 
a great deal of the latter has been got ri J of in the lungs, and a fresh 
supply of oxygen taken up, it l)ecomes pure blood, and flows into the 
left auricle of the heart. A word is necessary as to the marked 
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difference in hue between these two kinds of blood. As already 
mentioned the red corpuscles owe their colour to the presence of the 
complex substance termed hemoglobin. This is capable of taking 
up a certain amount of oxygen into loose chemical combination, and 
then becomes “ oxyhemoglobin/* which is bright scarlet. Hence the 
colour of pure or arterial blood. Hemoglobin of this kind, however, 
easily parts with its loosely combined oxygen, and then becomes 
reduced to hemoglobin, which is dark purple. The oxyhemoglobin 
of the pure blood which is pumped by the left ventricle of the heart to 
the capillaries of the body gives up its loosely combined oxygen to the 
tissues, and becomes hemoglobin. Hence the purple colour of 
impure or venous blood. We see, therefore, that the red corpuscles 
play the part of oxygen -carriers. They take up oxygen in the 
lungs and supply it to the tissues. 

It is clearly necessary for the air in the lungs to be constantly 
renewed, and observation of a living animal shows that respiratory 
movements are always taking place. During the breathi^ in or 
inhalation of air the volume of the thorax is increased, the lungs 
expand, and air flows into the larger air-tubes. The opposite takes 
place during the breathing out or exhalation of air. It is important 
to note that renewal of air in the bronchial tubes and air-sacs is 
effected by gaseous diffusion. The thorax is increased in volume 
by movements of the ribs and breastbone, by the contraction of 
“ intercostal *’ muscles running obliquely between the ribs, and by 
contraction of the diaphragm. This is really a flat muscle, with a 
fleshy margin (‘' skirting steak ** of butchers) and fibrous or 
tendinous centre. There are also important muscular bands, the 
“ pillars of the diaphragm,” running obliquely upwards and back- 
wards from the dorsal part of this partition and becoming 
attached to the backbone. During a state of rest the margin of 
the diaphragm is convex towards the thorax. When air is breathed 
this margin becomes flattened by contraction of its muscular fibres. 

When air is breathed out the thorax is diminished in volume, 
largely owing to the return of the ribs and sternum to their former 
position, as the result of elasticity, while at the same time the 
diaphragm ceases to contract, and once more becomes convex 
towards the thorax. The mechanical part of respiration or breath- 
ing is thus carried on, and the behaviour of the thorax may be 
likened to that of a pair of bellows working through the nozzle only. 

During the passage of the blood from the left side to the right side 
of the heart the oxygen is largely occupied in oxidizing particles of 
carbonaceous matter in the blood itself, while oxidation is also con- 
stantly going on in the living substance of the body. Since oxidation 
is accompanied by heat, it will be understood how the heat of the 
body is maintained. 

Excretion. — The term is applied to the process of getting rid of 
the waste products formed by metabolism, and organs which do this 
work are known as excretory organs. Since the lungs eliminate car- 
bon dioxide and water from the system they obviously take part in 
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excretion, and the liver is also an important excretory organ, for bile 
is really a waste product, though it aids the process of digestion before 
leaving the body. The remaining excretory organs are the skin and 
kidneys. 

The Skin, besides being an excretory organ, has an important 
function in regulating the temperature of the body through its blood 
supply and through the secretion of sweat. When the skin is con- 
gested, as after exercise or in a high surrounding temperature, heat 
is irradiated off from it in greater amount. The blood supply to the 
skin, as to the other parts of the body, is under the control of the 
nervous system, and when heat is produced in the body by muscular 
work or is augmented from outside (as in a high temperature), the 
quantity of blood flowing to the skin is increased, and a greater 
amount of heat is conducted or irradiated off. In this way the body 
temperature is kept approximately constant. If, however, the 
exercise is severe or the surrounding temperature is very high, a 
second heat regulating mechanism comes into play, and this is the 
secretion of sweat through the evaporation of which further heat loss 
is brought about. Such animals as the horse, which is provided with 
very numerous sweat glands, are able to maintain a constant body 
temperature easily, but in species with comparatively few sweat 
glands, such as the ox, sheep and pig, there may be, after exercise, a 
considerable rise of temperature resulting in distress. The sweat 
glands are also definitely excretory and their secretion contains a 
small amount of saline matter. It is for the salt upon it that a calf or 
a cow will lick a man’s hand with its rough tongue. As horses 
perspire freely, it is desirable to keep their skins clean and free from 
dust, so that the action of the skin may not be impeded. This object 
is effected in grooming. 

The Kidneys are the chief organs of nitrogenous excretion. They 
are situated in the dorsal part of the abdominal cavity, immediately 
below the backbone. To protect them from violent shocks, each is 
embedded in a soft semi-fluid cushion of fat, which in the carcass of 
an ox or a sheep is called “ suet.” Each kidney receives blood by a 
short “renal artery,” given off (Fig. 83, 7) by the dorsal or abdominal 
aorta, and returns its blood by a “renal vein ” into the “ posterior vena 
cava.” The kidneys are made up of a great number of microscopic 
“urinary tubules,” intimately related to a complicated set of capillary 
vessels, from the blood circulating in which they remove the con- 
stituents of the urine. These include the nitrogenous waste products 
known as “ urea,” “ uric acid,” and “ hippurie acid,” a large amount 
of water, and certain saline matters. It is because of the presence 
of nitrogenous waste that urine has a high manurial value, and that 
litter is spread in stables and byres to absorb this liquid, so that it 
may be used upon the land to promote the growth of crops. 

The blood that leaves the kidney differs from the blood that enters 
it in that it has lost all the ingredients which go to form the urine, and 
so far as nitrogenous waste is concerned it is the purest blood in the 
body. The excretion of urine by the kidneys is constantly going on, 
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80 that some means of getting rid of it are necessary. It continually 
trickles away from each kidney along a tube called the “ureter."’ The 
two ureters open into a thin-walled, elastic, distensible bag, the 
“urinary bladder,” situated in the hinder part of the abdomen. From 
the bladder there issues a tube, the “ urethra,” through which the 
contents of the bladder are periodically discharged. 

The lungs, liver, skin and kidneys are thus seen to be sources of 
loss to the blood. Water is lost at each of them, whilst the lungs are 
specially distinguished by the loss of carbon dioxide, and the kidneys 
by the loss of saline matters, urea, and hippuric acid. 

With such waste always going on, it g 

remains to inquire how the animal body 
is sustained, and by what means it is 
prevented, not only from wasting away, 

but is, on the contrary, caused to in- -A 

crease in size and weight. To answer g_ 
this inquiry it is necessary to return to 
the food in the alimentary canal. 

The Absorption of Digested Mater- 
ials. — It has been seen that the effect ^ r 
of the digestive juices is to break up 
all food-stuffs into three main portions : 

( 1 ) the dissolved nitrogenous matters / 

and sugar ; ( 2 ) the emulsified fats ; and \ /tsiaD^ ; 

( 3 ) an indigestible residue. The last- ^ 

named part, consisting largely of coarse ^ 

fibre, travels through the intestinal 

canal, and, mixed with some of the \ 

intestinal secretions, is passed away in l o 

the form of excrement, which, in the Fio. 85 . — Diaobam or a 

case of horses and pigs and stall-fed Villus of the S mall 

cattle, usually finds its way to the dung- Intestine. 

heap, whence it is returned to the soil. of the villus. 

The dissolved matters and the emul- ° 

sified fats are, on the other hand, tcd^en c, the small artery entering the 
up by the blood, and can thus be trans- villus, and breaking up into 

ported to all parts of the body. The ^^^ies, which re-unite to 

absorption of dige^ materials by the thTsmall vein which leave, 
blood is effected chiefly by the vim of the villus ; 
the small intestine. Each villus is a i*. the luteal ra^cle which 
minute club-shaped structure, project- occupies the middle of the 
ing inwards from the internal lining vJlu. («>l.d black), 
membrane of the intestine. ' It is covered (Fig. 86 ) by a layer of 
delicate cells surrounding a fine network of blood capillaries, origin- 
ating in a minute artery which enters the villus, and converging upon 
a small veinlet which leaves it. Within this network is a branohfiig 
lactecd radicle, opening into a la^cteal vessel which passes away from 
the villus. 

Myriads of such villi line the internal 8 urfa.ce of the small 




Fio. 85. — Diaobam or a 

Villus of the Small 
Intestine. 

A, body of the villus. 

B, external covering of epithe- 
lium cells. 

c, the small artexy entering the 
villus, and breaking up into 
capillaries, which re-unite to 
form — 

D, the small vein which leaves 
the villus ; 

L, the lacteal radicle which 
occupies the middle of the 
villus (solid black). 
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intestine. Their blood-vessels derive their blood supply from the 
aorta, whilst all the veinlets which emerge from the vUli become 
confluent, and pour their blood ultimately into a vessel called the 
portal vein, which passes into the liver (Fig. 83, 11). There, unlike 
the great majority of veins, the portal vein breaks up, and the blood 
it contains is submitted to the action of the cells of the liver. The 
liver also receives a supply of arterial blood through the hepatic 
artery, which derives its blood from the aorta (Fig. 83, 5). Without 
stopping to inquire into the minute structure and functions of the 
liver, it may be stated that this gland is drained of its blood by the 
hepatic veins (Fig. 83, 12), which open into the posterior vena cava, 
this latter passing directly into the right auricle of the heart. Hence 
the blood that travels through the villi of the intestines passes, by 
way of the liver, into the heart. 

The blood that leaves the intestinal villi is, however, different 
from that which enters them. Most of the dissolved products of 
digestion ooze through the delicate covering of the cells which 
envelop the villus much as a thimble covers the end of the finger, 
and the solution further diffuses through the extremely thin walls of 
the blood capillaries within the villus. Consequently the blood that 
flows from the villi of the intestinal walls carries with it the dissolved 
amino-acids, sugar, salts and soaps, that are derived from the food, 
together with most of the water taken in at the mouth. 

But what becomes of the minute particles of emulsified fat that 
exist in the small intestine ? These particles are split by ferment 
action into fatty acids and glycerine, which are taken up by the cells 
(Fig. 85, b), covering the villus, and find their way, not into the 
blood capillaries, but into the lacteal radicle which the blood capill- 
aries surround. Here they are recombined into globules of fat. The 
lacteal vessels which emerge from the villi become confluent, and 
ultimately pour their milky-looking contents, called “ chyle,” into 
the posterior end of the thoracic duct (Fig. 83, d), ultimately 
reaching the right auricle of the heart. 

Though the villi of the small intestine are the most active seats 
of absorption of digested materials, some amount of absorption of 
dissolved matters is begun through the blood capillaries in the walls 
of the stomach. Absorption is also continued, to a greater or less 
extent, throughout the intestinal tube. The rapidity with which 
absorption is capable of being effected is well illustrated in the instant 
alleviation of thirst which follows upon the taking of water into the 
stomach, whence it promptly passes into the blood capillaries. 

It appears, therefore, that, though they travel along different 
routes, the dissolved amino acids, sugar and salts, on the one hand, 
and the emulsified fats, on the other, find their way from the intestinal 
canal to the right side of the heart. From there, as has been seen, 
the blood is driven to the lungs to be oxygenated, thence to the left 
side of the heart, and from there to all parts of the body save the 
lungs. Not much is known of the exact processes whereby the blood, 
out of the materials it derives from the alimentary canal, enables the 
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work of reparation or construction in all parts of the body — for 
example, the building up of bone in one place, the formation of 
muscular fibre in another, and the storage of fat in a third. We 
know, however, that repair and growth depend on the constructive 
activity of the living substance (protoplasm) of the body, and the 
materials for this work are the products of digestion. 

But the student should now be in a position to grasp the fact that 
all parts of the animal body have at one time or another passed 
through, and formed part of, the blood, and, further, that the blood 
is the medium through which such materials as hay and corn and 
roots are manufactured into such products as beef and mutton, milk 
and wool. 

Gains and Losses of the Blood. — To sum up with regard to the 
blood. It has been seen that the blood gains material (amino acids, 
carbohydrates, fats, salts, water) from the food in the alimentary 
canal ; that it gains material (oxygen) from the air in the lungs ; that 
it gains material (the products of activity and waste) from the tissues 
generally; and that it gains material (lymph) from the lymphatics. 
On the other hand, the blood loses material (carbon dioxide and water) 
at the lungs ; it loses material (urea, hippuric acid, water, saline 
substances) at the kidneys; it loses material (water, saline substances) 
at the skin ; and it loses material (used for constructive purposes) in 
the^ tissues generally. 

’Nervous System. — The various organs of the body are under the 
control of nerves, and it is through the nervous system that the 
movements of the body are co-ordinated, so that there shall be no 
conflict of purpose. The brain, with its posterior continuation — the 
spinal cord — constitutes the central part of the nervous system. The 
brain and spinal cord make up what is known as the “ cerebro-spinal 
nervous axis,” the whole of which is securely lodged and efficiently 
protected in the bony chamber formed by the skull and the vertebrae. 
Processes or outgrowths, given off in pairs from the axis, form the 
cerebral and spinal nerves. Some of the former are nerves of special 
sense, as the olfactory nerve (associated with the sense of smell), the 
optic nerve (associated with sight) and the auditory nerve (associated 
with hearing). A number of pairs of very important nerves arise 
from a region called the ‘‘ medulla oblongata,” at the junction of the 
brain and spinal cord. One of these, the “ pneumogastric ” nerve, or 
” vagus,” distributes its fibres to the heart, the lungs, and the 
stomach. 

All muscular contraction takes place in obedience to nervous in- 
fluence. This is equally the case with the voluntary movements of the 
muscles of the limbs (as in running or walking), and with the involun- 
tary movements of the intestinal canal (peristaltic contractions) and 
of the heart. The quantity of blood which shall flow to any part of 
the body is equally determined by the nervous system, inasmuch as 
the “ vaso-motor ” nerves control the calibre, or internal diameter, 
of the small arteries. Most important results arise from this 
circumstance. 
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The Sense Organs of touch, taste, smell, hearing and sight are 
the means by which information about surroundings is obtained. 
A description of their structure and modes of action is outside the 
scope of this book. 

Organs of Internal Secretion. — In addition to the various systems 
of organs above described, there are others that have developed to 
a special degree the power of altering the composition of the blood 
by secreting into it chemical substances which are conveyed in 
the circulation to other parts of the body, on which they exert a 
special influence promoting growth or glandular secretions, or 
some other functional activity. The suprarenal bodies, which 
are situated just in front of the kidneys, are an example of such 
organs. These internally secreting glands elaborate a substance of 
known chemical composition called “ adrenalin,’* which acts on the 
muscles, particularly those of the heart and blood-vessels. If the 
suprarenals are removed extreme weakness, associated with mus- 
cular collapse, occurs, and is followed by death. The thyroid 
glands, situated in the neck, are another example. These produce 
a chemical substance known as ** thyroxin,” which is essential for 
normal growth. The pituitary gland, situated beneath the groin, 
is another organ which produces several internal secretions which 
control growth, reproductive activity, and other functions. More- 
over, there are organs which, besides having other functions, are 
in addition glands of internal secretion. Thus, the pancreas controls 
the power of storage of carbohydrate by the liver, by means of a 
secretion known as “ insulin,” and if this substance is produced 
insufficiently diabetes results, sugar being excreted in the urine. 
Under normal conditions carbohydrate is stored in the liver in the 
form of glycogen, and is releas^ into the blood in the form of 
sugar as required, so that in a sense the liver is an organ of internal 
secretion, the product secreted being grape-sugar or glucose. The 
reproductive glands — testes and ovaries, referred to below — are also 
organs of internal secretion. 

Reproduction. — The essential male organs are the “ testes ” (or 
testicles), which in all farm animals, as in man, are a pair of glands 
lying outside the main body cavity in the “ scrotum,” a double sac 
placed between the anus and the penis or copulatory organ. The testes 
not only give rise to the male reproductive cells or “ spermatozoa ** 
but also elaborate chemical substances or internal secretions which 
pass into the blood, and by their power of stimulation are largely 
responsible for the growth of the distinctively male characters 
other than the actual possession of the testes. Castration, or the 
removal of the testes, has a general de-sexing effect (like ovariotomy 
in the female). It prevents the animals from experiencing sexual 
desire and favours fattening. 

A fully formed spermatozoon consists of an egg-shaped head, a 
short cylindrical body and long vibratiJe tail, by which it swims 
in the fluid medium called the “ semen ” provided by the testes and 
accessory reproductive glands (“ seminal vesicles,** “ prostate,** 
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“ Cowper’e glands,” etc.). A single spermatozoon (say of a horse) is 
about l/500th of an inch in length. A normal ejaculation of semen 
may contain several hundred million spermatozoa. 

The spermatozoa pass from the testis on each side into a long 
central tube, the “epididymis,” which serves as a storehouse for 
them until such time as they are ejaculated. When this occurs 
they pass, together with some of the fluid secreted, along two ducts or 
“ vasa deferentia ” contained within the inguinal canals on either 
side and running back into the body cavity. These ducts open close 
together into the common urogenital passage, with which the 
bidder also communicates. This passage, c^ed the “urethra,” 
into which the accessory glands also open, is continued within the 
erectile penis, at the end of which it communicates with the exterior. 

The “ ovaries ” or essential reproductive organs in the female are 
a pair of glands situated in the body cavity attached to the dorsal 
wall. They not only produce the eggs or ova, but they also 
elaborate internal secretions responsible for the development of 
the female characters and for the periodic sexual changes which 
characterise the female reproductive or “ oestrous ” cycle. The 
ovum in a farm animal is similar to the yolk of a hen’s egg in 
miniature, being only about 1 /300th of an inch in diameter. In 
contrast with the spermatozoa of the male, these ova are produced 
in small numbers, in many animals such as the mare and the ccw, 
only one being discharged at a time, but a larger number are released 
in the sow, the bitch, the rabbit, etc., in approximate relation to 
the size of the litter. The act of discharge, which is called “ ovula- 
tion,” occurs at the period of heat or oestrus, when sexual intercourse 
commonly occurs. 

The discharged ova are taken up by the expanded internal ends 
of the “ oviducts,” which are somewhat coiled tubes, one on each 
side, widening out behind into the horns connected to the uterus 
or womb. The two horns come together to form the corpus uteri, 
which opens posteriorly into the broad urogenital passage known as 
the “ vagina,” the latter communicating with the exterior at the 
“ vulva ” or external female organ. The “ cbtoris ” is a small rod- 
like erectile organ which projects into the vulval aperture. 

The ovum is usually fertilized by the spermatozoon in the 
oviduct, the two cells uniting together. The fertilized ovum then 
passes down the oviduct into the uterus, where it undergoes develop- 
ment during the period of gestation, as the embryo or foetus. It 
becomes secondarily attached to the inside of the uterus by the 
afterbirth or “ placenta,” which brings the blood system of the mother 
into close relation with that of the embryo, and acts as an organ of 
foetal nutrition, respiration and excretion. In parturition, or the 
act of giving birth, the uterine muscles, which at this time are 
greatly hypertrophied, contract forcibly^ and in association with 
the muscles of the body wall, expel the young through the vagina 
and out to the exterior. 

The mammary glands, although not directly concerned with the 
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reproductive organs, Are dependent upon the ovaries for their 
growth. They consist of milk-secreting tissue surrounded by a 
fibrous envelope, the whole constituting the udder in farm animals. 
The glands are connected wdth the nipples or teats, wliich com- 
municate with the exterior and are sucked by the young animal. 

Among farm animals, speaking generally, the male is capable of 
service all the year round. In the female, on the other hand, the 
times for service are restricted to the heat or oestrous periods, and 
these may occur only during a part of the year, as with many breeds 
of sheep. Ovulation occurs during 05 about the times of oestrus. 
In the bitch there is only one heat period to the breeding season ; 
that is to say, a bitch, if not successfully served when on heat, does 
not ** come on ” again for a prolonged interval, typically about six 
months. On the other hand, the ewe, if not successfully served at 
her first period for the season, “ comes back to the ram ” (that is, 
comes on heat again), after an interval of about a fortnight, and 
this recurrent periodicity may continue for a number of times 
before service is accomplished or the ewe goes out of season. The 
mare, cow and sow are similar, except that the cycle with these 
animals is in each case about three weeks, and the breeding season 
may comprise the whole year. 

Fertility among domestic animals depends upon a number of 
factors, some inlierent in the animals themselves, and others depend- 
ing upon environment and food supply. There can be no doubt that 
the inherent factors are hereditary, and the tendency to produce 
twins, for instance, among sheep can be transmitt^, not only 
through the ewe, but also through the ram, so that rams which 
were twins can pass on the capacity of twin bearing to the next 
generation of ewe lambs. With regard to the state of nutrition of 
the animal, there is no question that a rising or improving condition 
before service is more favourable to fertility than a stationary or 
falling one. Moreover, very fat animals are notoriously uncertain 
breeders, and for this reason beasts fattened for show or sale are 
often temporarily sterile. 

The essential principles governing the reproduction of birds are 
similar to those of mammals, but in a bird the ovum (“ yolk ” of the 
egg) is of large size, owing to the fact that it is crammed with 
nutriment to be used in building up the embryo. Before passing 
from the body of the mother a further supply of nutritive material 
(“ white ” of the egg) is added, and external to this a double mem- 
brane (shell membrane) and calcareous shell. Both the latter are 
pervious to air, for the developing embryo needs to breathe. 

When hens’ eggs are placed in “ water glass ” the pores in the 
shell are blocked up and breathing prevented. Such eggs “ keep ” 
because the development of their embryos is thus arrested. 

For further information see : — 

The Physiology 0 / Farm Animals. F. H. A. Marshall and E. T. Hainan. 

3*d. Edition. Cambridge, 1932. 

Fertilising and Animal Breeding. Bulletin No. 2. Ministry of Agriculture 

and Fisheries : London, 1932. 



CHAPTER XIX. 

FOODS AND FEEDING. 

The Constituents of Feeding Stuffs. — ^The chemist has shown 
that all feeding stuffs contain varying proportions of protein, oil, 
carbohydrate, minerals and water. If a typical fodder such as 
grass is heated strongly, the water is first driven off in the form of 
steam. The organic matter of the grass, composed of protein, oil 
and carbohydrate, then undergoes charring, and is subsequently 
burnt away completely in the form of carbon dioxide and water 
vapour. A small amount of greyish-white residue is left, which 
consists of the inorganic or mineral components of the grass. It 
is usually referred to as the ash, and is found to be rich in lime, 
phosphate and potash. 

Plant Life in Relation to Animal Nutrition. — The plant is the 
elaborator of the food of animals. It alone, if we except the syn- 
thetic art of the chemist, has the power to bridge the gulf between 
the v/orlds of inorganic and organic matter. Starting from simple 
inorganic compounds like water, carbon dioxide and nitrates, the 
plant, under the influence of light absorbed by the chlorophyll 
pigment, is able to build up complex organic substances like protein, 
oil and carbohydrate. In these substances are locked up, in the 
chemical or potential form, the vast stores of energy which have 
been derived from the sun. 

The work accomplished by the sun in this process is enormous. 
Every gramme of carbohydrate thus elaborated in the plant involves 
a storage of solar energy to the extent of 4,100 calories ; in other 
words, an amount of energy which, if liberated as heat, would 
suffice to raise the temperature of nearly a gallon of water through 
one degree centigrade. This locked-up energy becomes manifest 
as light and heat when the carbohydrate is burnt in an atmosphere 
of oxygen, which is the great liberator of imprisoned energy. In 
this process the carbon dioxide is set free once more and forms 
again the starting point in the eternal cycle of change. Oil is even 
a richer storehouse of energy than carbohydrate, and yields, when 
burnt in an atmosphere of oxygen, two and a third times the amount 
of heat as ft obtained from an equal weight of carbohydrate. Protein 
under these conditions gives out rather less than one and a half 
times the amount. 

A feeding stuff is therefore to bo regarded as a mixture of 
organic compounds in which varying amounts of solar energy have 
been locked up. This energy is available, in part, to the animal, 
which is merely, in the scientifle sense, a mechanism for the 
transforming of energy from one form to another. The principle 
of the conservation of energy holds as rigidly for the animal as for 
the clock or the engine. Part of the energy of the food is trans- 
formed into heat for keeping up body temperature. Another part 
is utilized for maintaining the blood circulation and the heart beat, 
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or for the performance of muscular work. Still another portion 
may become locked up in the various organic compounds which are 
built up in the animal, such as reserve fat, the glycogen of the 
liver, the proteins of flesh or the constituents of milk. Thus it is 
apparent that life is fundamentally a phenomenon of energy 
exchange, the plant in the first place collecting and storing the 
energy of the sun and then passing it on for tra^ormation in the 
animal organism. 

The J^otein of Feeding Stuffs. — Protein, the fiesh-forming 
constituent of feeding stuffs, is of primary importance from the 
standpoint of nutrition, since it is an indispensable component of 
the diets of all animals. The activities wUch go on in the cells 
of the animal body involve a continual destruction, or partial 
destruction, of the cell proteins. It is clear, therefore, that the 
wear and tear ’* of the vital activities entails a continual wastage 
of body protein in the animal. For this reason, an animal must 
receive at least an amount of protein in its daily ration sufficient 
to make good such losses. The first call on food protein is for the 
purpose of repairing worn-out body tissue. Although, in the case of 
human beings, the magnitude of this minimum protein requirement 
has never been satisfactorily defined, it is known with a good degree 
of certainty for farm animals. The scientific feeding standards are 
based on the principle of supplying, in the first place, an allowance 
of food containing sufficient digestible protein and energy for 
maintenance purposes, and then adding to this a further allowance 
in conformation with the production requirements of the animal. 

Like all other substances, proteins, such as casein and albumin 
in milk or gliadine in wheat, are made up of almost infinitely small 
particles known as molecules. Compared with the molecule of a 
substance like common salt, however, that of protein is big and 
complex. A molecule of protein is formed by the union of a very 
large number of molecules of much simpler construction. These 
simpler substances are called amino acids, and they may be regarded 
as the “ building stones ” from which the complex protein is built 
up. About twenty different amino acids have been isolated from 
proteins. They all contain the elements carbon, hydrogen, oxygen 
and nitrogen, and two at least contain the element sulphur 
as well. 

The digestion in the animal of the protein of feeding stuffs 
results in its breakdown to the amino acids from which it was 
originally built up. Unlike protein, the amino acids are soluble, 
crystalline substances, capable of ready absorption from the intes- 
tinal tract into the blood stream. It is in the form of amino acids, 
therefore, that food protein ultimately passes into the blood stream. 
The simplification of the protein into its constituent amino acids 
is brought about by the successive actions of three digestive fer- 
ments, or enzymes, viz., pepsin in the stomach, trypsin in the 
duodenum and erepsin.in the small intestine. The nature of the 
enzymatic digestion of protein will be appreciated when it is stated 
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that, in order to imitate such change in the laboratory, it is necessary 
to boil protein with fairly concentrated hydrochloric acid for about 
two days. 

How do the amino acids function after their absorption into the 
blood stream ? There is a first call on them for the repair of 
“ worn-out ** body tissue. This is referred to as the maintenance 
protein requirement of the animal, and represents the sole protein 
requirement of the mature, non-producing animal. In the growing^ 
animal, there is a further demand for amino acids for the building 
up of new flesh protein (live- weight increase). The dairy cow also 
requires an extra supply of amino acids for synthesising the proteins 
of the milk secretion. In the case of the fattening animal, however, 
it is necessary to feed only a small amount of digestible protein in 
excess of the maintenance requirements of the animal. 

It is of interest to inquire what happens to the excess of amino 
acids when protein is fed to an animal beyond its requirements for 
maintenance and production. Such surplus amino acids are sub- 
jected to a change, known as de-amination, which is mainly brought 
about during the passage of the blood through the liver. As a 
result of this change, the amino acids are deprived of their nitrogen, 
which is removed in the form of ammonia. The latter is rendered 
innocuous to the organism by combination with carbon dioxide 
in the blood stream and is finally transformed into urea, which is 
excreted as a waste product through the kidneys into the urine. 
The nitrogen in protein fed in excess of the actual requirements of 
an animal is not retained in the body, but is lost in the urine in the 
form of urea. 

By the removal of the nitrogen from the amino acids, however, 
the latter are converted into orgsmic acids of the nature of lactic 
acid, the acid of sour milk. Should the carbohydrate in the ration 
be insufficient to supply the animal with ample energy, these organic 
acids may undergo oxidation in the body to provide the necessary 
warmth and energy. If there is no need in this direction, however, 
such organic acids are able to undergo complex transformations 
with the formation of fat in the body. An excess of digestible pro- 
tein in the ration functions, therefore, in much the same way as 
does carbohydrate and can, according to circumstances, constitute 
a 80im;e .of energy or of body fat. 

Carbohydrates and Oils in Feeding Stuffs. — ^The carbohydrates 
of feeding stuffs include the sugars, such as glucose, fructose and cane 
sugar, and the polysaccharides, such as starch, cellulose, dextnns 
and pentosans. The digestion of starch is brought about by the 
successive actions of the enzymes ptyalin of the saliva, amylopsin 
of the pancreatic secretion and malta^e in the small intestine. It 
results in the breakdown of the starch to glucose* in which form 
starch ultimately undergoes absorption into the blood stream. The 
digestion of cellulose and pentosans is not brought about by normal 
enzymatic activity, but is the result of the action of bacteria in 
those parts of the alimentary tract where the food stagnates. 
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Further reference will be made to the process of bscteriAl digestion 
of cellulose at a later stage. 

The glucose resulting from the digestion of the more complex 
carbohydrates serves primarily as a source of energ}^ for muscular 
activity. It is oxidised in the body to carbon dioxide and water. 
Any excess may be stored temporarily, mainly in the liver, in the 
form of glycogen, which carbohydrate reserve may be drawn on 
when the concentration of glucose in the blood falls below its normal 
level. It is now definitely established, however, that a surplus of 
carbohydrate in the diet beyond the energy requirements of the 
animal may be stored in the body in the form of fat. The fattening 
value of such carbohydrate-rich foods as maize and barley is well 
recognized by the pig- feeder. Kellner has demonstrated that the 
consumption of 4 lb. of digestible starch leads to the production of 
1 lb. of fat in the body of a fattening bullock. 

The oil of feeding stuffs is digested by the joint activity of the 
bile and pancreatic secretions. The bile emulsifies the oil of the 
food, thus facilitating its digestion by the fat-splitting enzyme, 
steapsin, which hydrolyses oils and fats to glycerol and fatty acids, 
such as palmitic, stearic and oleic acids. These breakdown products 
are absorbed from the intestine into the lymphatic system and, 
during their transfer, are re -synthesised into neutral fat. 

Fat may be regarded as the main fuel of the body. Its oxidation 
in the animal to carbon dioxide and water gives rise to two and a 
third times as much heat as arises from the oxidation of am equal 
weight of carbohydrate. The production of fat in the animal is, 
therefore, an efficient method of storing up reserves of energy, and 
its presence confers the power of enduring starvation. Kellner 
has shown that 1 lb. of the digestible oil in oil cakes leads to the 
formation about 0*6 lb. of fat in the bodies of fattening cattle. 

Minerals in Feeding Stuffs. — Recent research has emphasized 
the importance of paying attention to the amount and nature of 
the inorganic constituents of the rations of farm animals, since the 
mineral components of the animal body are as essential to the living 
processes as are the energy-furnishing organic constituents. Hydro- 
chloric acid, for example, is essential to gastric digestion. The 
transport of oxygen in the blood is effected by haemoglobin, a 
complex compound of iron. Alkali is necessary for the actions of 
the ferments ptyalin, trypsin and amylopsin. Most important of 
all, lime and phosphate are required for the formation of bone and 
of milk. Directly or indirectly, the inorganic constituents stimulate 
and control all the vital bodily processes. 

A correct diet must supply all the essential minerals. Moreover, 
the blood and tissues must receive them not only in correct amount, 
but also in correct proportions or balance. The kidneys have the 
power of eliminating those minerals which are present in excess, 
while those which may be deficient are conserved in the animal. 
The bones afford an example of the power of the organism of regu- 
lating the balance of the minerals. They are not to be regarded as 
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inert tissues, but as acting as a storehouse of lime and phosphate, 
the latter being drawn on when the blood contains a deficiency of 
these minerals, or, alternatively, if the blood contains lime and 
phosphate in excess of the normal amounts, these are deposited 
in the bones. 

Just as a dairy cow requires a definite amount of digestible 
protein in its maintenance food for repair of “ worn-out’’ tissue, 
so it must also be supplied with definite amounts of lime and 
phosphate to make good the losses of minerals which arise from 
wastage in the essential vital processes. A cow of average weight 
requires, for such purposes, oz. of lime and *, oz. of phosphoric 
acid in its daily ration. In addition, it must receive a further supply 
of these constituents in conformation with its milk yield. A gallon 
of cow’s milk contains J oz. of lime, t oz. of phosphoric acid and 
oz. of chlorine. Since only a half of the mineral supply of the food 
is assimilated by the animal, the dairy cow should receive, per 
gallon of milk and in addition to its maintenance supply, ^ oz. of 
lime, I oz. of phosphoric acid and tt oz. of chlorine. Under such 
conditions, the animal will be able to maintain its milk yield with- 
out having to draw on its skeletal reserves for lime and phosphate. 

One per cent, of the live-weight of a store pig consists of lime and 
rather less than this amount of phosphoric acid. In the case of 
cattle, lime represents 2 per cent, of the body weight, phosphoric 
acid again being present in slightly smaller amounts. On the basis 
of 100 lb. live-weight increase, therefore, the pig must build into 
its body 1 lb. of lime and 1 lb. of phosphoric acid, while the bullock 
must incorporate 2 lb. of each of these constituents. Since these 
animals are able to assimilate only half the minerals supplied in the 
food, twice these amounts must bo supplied per 100 lb. of live* 
weight increase. A growing pig, increasing in live-weight at the 
rate of IJ lb. per day, requires J oz. each of lime and phosphoric 
acid in its daily ration. A calf growing at the same rate must be 
supplied with twice these amounts. 

The distribution of the minerals in some of the common feeding 
stuffs of the farm is shown in Table I. 


Tablk I. -^Mineral Conte.vt of Sdme Typical Fekoing Stuffs.* 



ToUl 

Ash 

Lime 

(CaO). 

Phosphoric 
Acid(P_0 ) 

Chlorine 

(Cl.) 

Iron Oxide j 
(FeO.) j 

Oats 

per cent. 
3-50 

per cent. 
014 

I)er cent. 

0 81 

per cent. 
007 

per cent. ! 
004 I 

Maize 

1-50 

002 

0-69 

007 

0 01 1 

Wheat 

1-90 

006 

0-8M 

008 

002 

Bran 

6-30 

009 

2-95 

009 

0 03 

Swedes 

0 90 

008 

008 

004 

001 

Mangolds 

100 

002 

004 

0 10 

001 

Lucerne liay 

S-60 

1-96 

0-54 

0-47 , 

017 

Red clover hay 

7*10 

1'60 

0 39 

0-24 1 

! 0-07 

Wheat straw 

5-20 

0-29 

013 

0 20 

[ 003 

Young pasture grass (dry 
matter) 

9-50 

I l’20tol 80 

0 90 to 110 

' 090 

? 

Cottonseed meal 

6-20 

0-36 

2-67 

004 

0-80 

Fish meal 

2100 

10*00 

900 

0-50 

Trace 

Skim milk (dry matter) 

7-9© 

1-87 

224 

1 0*95 

0-07 

Whey (dry matter) 

7-28 

101 

1 40 

0-95 j 

004 


* mainly froin the publioatione of the IViwett Institute, Aberdeen. 
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The ceresJa in general are poor in lime and chlorine, but n h 
phosphoric acid and potaah. Among thin group, oata art^ th, 
balanced and richest in respect oi niineraJe. Kmla and tuix r/are 
deScient in minerals, esjxrialJy in Jime. The legvmiaouB /(Mhh rs 
including lucerne, sainfoin, vetches and clovers, are rich aourcvs 
of lime, while the cakes and meals, in general, are poor in lime and 
rich in phosphoric acid. Young, leafy pasturage is a satisfactory 
source of minerals and, next to milk, is the best balanced food on 
the farm in respect of inorganic constituents. The richness of white 
Ssb meal in respect of both lime and phosphate is especially note- 
worthy, and to this feature is partly to be attributed the good 
results which follow its inclusion in the rations of growing pigs- 
In the feeding of many classes of stock, notably high-yielding 
dairy cows and animals designed for early maturity, it is desirable 
to include a mineral supplement in the ration. The following 
mixture is commonly used as a mineral supplement for dairy cows : 

2 parts by weight of common salt. 

1 part by weight of finely ground chalk. 

1 part by weight of sterilized feeding bone flour. 

3 lb. of this mixture should be mixed thoroughly with every 
100 lb. of concentrated food. If salt is already supplied in the 
form of rock salt or salt licks, it should be omitted from the mixture. 

It is important, however, that dairy cows should be supplied with 
salt, since the concentrated foods generally are deficient in respect 
of this ingredient. 

The following mineral supplement may be used for swine : 

1 part by weight of sterilized feeding bone flour. 

1 part by weight of precipitated finely ground chalk. 

i part by weight of common salt. 

This mixture is used at the rate of 3 lb. to every 1 cwt. of meal. 

It may be mixed with the meal ration, or it may be placed in 
troughs, either mixed or in the form of the separate ingredients, and 
the pigs be allowed to adjust their consumption according to their 
individual requirements. In addition to the three ingredients 
mentioned, the supplement may with advantage contain about 
10 per cent, of wood ashes and about 2 ounces of potassium iodide to 
every 100 lb. of mineral mixture. Recent research on pig-feeding 
has shown that the bone flour may be omitted from the above 
mineral supplement, since cereals, which constitute the basis of pig 
and poultry rations, are rich in phosphorus, although deficient in 
lime and chlorine. The supplement for pigs and growing chickens 
need only provide ground chalk (IJ per cent.) and common salt 
(J per cent.). Scientific opinion it still divided on the question of 
iodine for stock, but it is becoming clear that the use of potassium 
iodide in farm rations is, in general, both unessential and uneconomic. 

Vitamins in Feeding Stuffs. — Prior to the year 1912, it was 
thought that if a ration supplied pro^^ein, carbohydrate, fat and 
minerals in correct amounts and proportions, then, with tiie neces- 
sary water, everything was present which was essential to ensure 
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the well-being and proper nutrition of the animal. It has been 
necessary, however, to modify this view in the light of the results 
of recent biological enquiry. It is now recogni^ that natural 
foods contain minute amounts of some substances, termed accessory 
food factors or vitamins, which make an essential contribution to 
growth and health in animals. Five such substances, known as 
vitamins A, B, C, D and E, are now known to exist in feeding stuffs 
and plant products. 

Vitamin A . — The most important sources of this vitamin are 
milk, butter, egg yolk, cod liver oil and sheep liver oil. It is import- 
ant to emphasise, however, that the primary source is the green 
plant, and that if it is not contained in the diet of the dairy cow, 
therefore, it will also be absent from the milk of the animal. Lack 
of this vitamin in the diet leads to retardation of growth in young 
animals, and in the case of adult animals, appears to lower the 
resistance to infectious disease. The results of recent vitamin 
research have shown that carotene, the yellow pigment of plants, is 
the precursor of vitamin A. 

Vitamin B . — Continuous deficiency of this vitamin in the 
diet of animals leads to acute nervous disorders. It is present in 
important amount in milk, yeast, rice bran, wheat bran and 
wheat germ. 

Vitamin C. — In the absence of supplies of this vitamin, animals 
develop the condition known as scurvy. Guinea-pigs, in particular, 
are susceptible to scurvy and develop the disease if kept for about 
three weeks on an oat and bran diet. The condition can be cured 
by administering small amounts of fresh fruit and vegetables. 
Vitamin C is also present in roots and fresh' green plants. 

Vitamin D . — In association with vitamin A, the vitamin D 
occurs in cream and cod liver oil. It is essential to the normal 
development of bones and teeth. Vitamin D can be produced from 
a substance called ergosterol by the action of sunlight or ultra- 
violet light. Small doses of such “ irradiated ergosterol ” are useful 
for curing rickets in the early stages. Ergosterol is present in the 
skin of animals. By exposing the skin to sunlight,, the ergosterol 
is transformed into vitamin D for use in the organism. Vitamin D 
formed in this way in the skin of the dairy cow finds its way into the 
milk secretion. Such findings as this emphasise the importance of 
light and airy surroundings in maintaining good condition in farm 
animals. 

Vitamin E . — This vitamin, which has been shown to be present 
in wheat germ oil, red meat and green plants, appears to be essential 
to fertility in animals. Experiments on rats have demonstrated that 
the prolonged absence of this vitamin from the diet leads to sterility 
in such animals. 

The distribution of vitamins A, B and C in some of the common 
feeding stuffs of the farm is shown in Table 11. It may be 
assumed that feeding stuffs which are rich in vitamin A also contain 
vitamin D. 
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Table II. — Vitamins in Fahsi Feeding Stuffs. 



Vitamin A- 

Vitamin B 

Vitamin C. 

Young pasture grass 

Plentiful amount 

Plentiful amount 

Plentiful amount 

Fresh lucerne 


• t ,, 

,, ,, 

Fresh clover ... 

»• 

t. 1. 

Moderate amount 

Trace 

Meadow hay ... 

Moderate amount 

Tower silage ... 

Plentiful amount 

Plentiful amount 

Small amount 

Straw 

None 

None 

None 

Roots 

Small amount 

Small amount I 

Plentiful amount 

Bran and middlings 

11 1. 

Plentiful amount 1 

None 

Barley meal 

1. 

Moderate amount 


Linseed cake 

Moderate amount 

Plentiful amount 


Cottonseed cake 


Moderate amount 


Coco nit cake 

Trace 


Ground nut cake 

None 


1 

Dried yeast ... 

(?) 

Plentiful amount 

(?i 

White fish meal 

Moderate amount 

(?) 

(?) 


It cannot be said that the discovery of vitamins has led to any 
outstanding modification in the previously accepted principles of 
farm feeding. It appears that farm animals are not so prone to the 
diseases associated vith vitamin deficiency, as are rats and guinea- 
pigs, on which animals the early discoveries in connection with 
vitamins were made. The home-produced feeding stuffs, including 
grain, grain offals, grass, hay, roots, silage and dairy by-products, 
are excellent sources of vitamins, and it would be a matter of 
difficulty to devise a ration containing such feeding stuffs which 
would lead to diseases of malnutrition in farm animals, such as 
could fairly be ascribed to lack of vitamins. Nevertheless, it has 
been shown that small doses of cod liver oil, containing vitamins A 
and D, improve the general condition and rate of growth of sty-fed 
pigs, and that the vitamin content of winter milk may be improved 
by administering small amounts to dairy cows. On account of the 
risk of tainting, however, it is necessary to be cautious when using 
cod liver oil for such purposes. Moreover, excessive administration 
of cod liver oil to dairy cows results in a distinct lowering of the 
percentage of butter fat in the milk. The vitamin D content of 
winter rations may be enhanced by the inclusion of small amounts of 
such substances as “ irradiated yeast ” or “ irradiated ergosterol.** 

Analysis of Feeding Stuffs.^ — The composition of a feeding stuff 
is arrived at by determining its percentage content of moisture, 
ash, protein, oil, fibre and carbohydrate. The percentage of mois- 
ture is estimated by determining the loss in weight which occurs 
when a weighed quantity of the food is dried to constant weight in 
a steam oven. The dried residue is then ignited strongly to bum 
away the organic matter, and the percentage of ash is calculated 
from the weight of residue left behind. 

The crude protein (i.e., total protein) in the feeding stuff is 
found indirectly by estimating its nitrogen content according to 
the technique of the Kjeldahl method. For this purpose, I to 2 gm. 
of the food is digested for some hours with 20 c.c. of concentrated 
sulphuric acid, to which is added about 10 gm. of potassium sulphate 
and a crystal of copper sulphate. During this process, the whole 
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of the nitrogen in the food is transformed into ammonia and exists 
as ammonium sulphate in the clear residual liquid remaining after 
the completion of the digestion. The amount of nitrogen is then 
ascertained by washing the residual liquid into a distilling flask, 
adding strong sodium hydroxide solution to make the contents 
alkaline and distilling ofl the ammonia into a measured volume 
of standard hydrochloric acid. The nitrogen is converted into 
protein by multiplying by the factor 6*25, on the assumption that 
proteins contain about 16 per cent, of nitrogen. 

It should be pointed out, however, that a part of the nitrogen 
of feeding stuffs is not present in the form of true protein, but as 
simple nitrogenous substances like amino acids, ammonium salts 
and amides. These simple nitrogenous materials are usually grouped 
together under the name of “ amides ” and their amount is consider- 
able in roots, tubers and silage. Special analytical methods have 
been designed for the determination of the percentages of true pro- 
tein and amides ” in feeding stuffs. 

The oil content of feeding stuffs is determined by extracting 
a weighed amount with ether in a Soxhlet apparatus. This fraction, 
therefore, includes all the ether-soluble constituents of the food 
and is technically referred to as the ether extract.” To determine 
the percentage of crude fibre, a weighed amount of the food is 
boiled for thirty minutes with 200 c.c. of IJ per cent, sulphuric 
acid. The residue from the acid treatment is then boiled for thirty 
minutes with 200 c.c. of IJ per cent, potassium hydroxide solution, 
and the residue, which consists of fibre admixed with sand, is dried 
and ignited. The loss of weight on ignition represents the crude 
fibre. 

The percentage of carbohydrates, often referred to bs the 
nitrogen-free extrewtives, is not determined by direct experiment, 
but by subtracting the sum of the percentages of moisture, ash, 
protein, oil and fibre from 100. 

The Digestibility of Feeding Stuffs . — The crude composition of 
a feeding stuff, as determined by the methods just outlined, does 
not give a safe indication of feeding value, since only that portion 
of the food which the animal is able to digest and assimilate can 
contribute to maintenance and production. It is necessary, there- 
fore, to secure information about the extent to which the common 
feeding stuffs are digested and utilized by farm animals. This is 
done by carrying out digestion trials, with wether sheep, bullocks 
or pigs, according to the following plan : 

The experimental animal, most frequently a wether sheep, is 
fitted with a light harness and placed in a metabolism crate, the 
object of crate and harness being to enable the urine and faeces 
of the animal to be collected separately. During an initial period 
of seven days, the animal is given a weighed ration of the food 
under investigation, at the end of which time, it can be assumed 
that the dung of the animal is composed of undigested residues 
from the experimental ration. During the next fourteen days, the 
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liquid and solid excreta are collected separately and their amounts 
measured. The mean daily output of toces is thus ascertained. 
Representative samples of the food and faeces are next submitted 
to analysis, and from the data thus obtained, it is possible to 
calculate the weights of protein, oil, fibre and carbohydrate which 
the animal is consuming daily and the mean weights of these 
constituents which are being voided in the dung per day. The 
amoimts digested by the sheep are then calculated by difference. 
For example, if 80 gm. of protein are consumed in the daily ration 
and 30 gm. are voided, on an average, in the dung, the percentage 
digestibility, or digestion coefficient, of the protein of the food is 
100 

(80—30) X — = 62*5 per cent. The digestion coefficients of the 

remaining constituents of the food are calculated in a similar manner, 
and by combining these values with the percentages of crude 
nutrients, the amounts of digestible nutrients in the feeding stuff 
are obtained. Thus, linseed cake contains 29*5 per cent, of crude 
protein. By digestion trials on sheep, however, it has been found 
that only 85- 8 per cent, of the linseed cake protein can be digested 
and utilized in the bodies of farm animals, the remaining 14*2 per 
cent, being voided in the faeces. The percentage of digestible protein 

85*8 

in linseed cake is, therefore, 29-5 X = 25*3 per cent. 

100 ^ 

The data respecting the digestible composition of a feeding stuff 
give a much more reliable indication of feeding value than can be 
obtained by a consideration of the results of chemical analysis 
alone. From such figures can be calculated the nutritive value of 
a feeding stuff in terms of starch equivalent, and since the food 
requirements of farm animals are usually expressed in terms of 
digestible protein and starch equivalent, it will be necessary at this 
point to explain the significance of this new term. 

The Starch Equivalents of Feeding Stuffs. — The method of assess 
ing the nutritive values of feeding stuffs in terms of starch equiva- 
lents was worked out by Kellner, the German authority on the 
science of animal nutrition. It will not be possible to give more 
than a brief description of the experimental technique involved in 
Kellner’s measurements. A bullock in store condition was placed 
in a respiration chamber and was fed on a ration composed of 
fodders such as meadow hay, clover hay and oat straw. The size 
of the ration was adjusted as nearly as possible to the maintenance 
requirements of the animal, under which conditions of feeding, the 
animal was neither gaining nor losing body fat and flesh. In a 
further period of feeding, the ration was increased by the addition 
of a definite weight of starch of known digestibility, and by means 
of measurements made possible by certain devices associated with 
the construction of the respiration chamber, the experimenter was 
able to find out how much fat was produced in the body of the 
bullock. Careful experiments showed that every 4 lb. of digestible 
starch eaten, over and above the maintenance ration, produced 
1 lb. of fat in the animal’s body. 
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Another period of feeding followed, in which the starch was 
replaced by a definite weight of linseed cake, and the amount of 
fat formed in the body of the animal was again determined. It 
was found that 4 lb. of linseed cake produced only about J lb. 
of fat. This included the small amount of protein, stored as flesh, 
converted into its isodynamic weight of fat by multiplying the 
factor 5-7/9*5 (i.e., the ratio of the heats of combustion of body 
protein and fat). The fat-producing value of linseed cake, therefore, 
is only about three-quarters that of digestible starch, and for 
purposes of fattening, it is clear that 100 lb. of linseed cake is 
equal to about 75 lb., or, to be more precise, 74 lb. of digestible 
starch. The starch equivalent of linseed cake, therefore, is 74. 
By this is implied that 100 lb. of linseed cake, when consumed by 
a fattening steer in conjunction with its maintenance food, will 
produce as much fat in the body as would be formed by 74 lb. of 
digestible starch. 

It was possible in this way to determine the starch equivalents of 
all the common feeding stuffs and thus to obtain a simple numerical 
comparison of their productive values. If, then, the food require- 
ments of farm animals are defined in terms of starch equivalent and 
digestible protein, and the starch equivalent and digestible protein 
contents of the feeding stuffs are kno\vn, it is merely a matter of 
simple arithmetic to compute rations which shall contain the 
correct amoimts of starch equivalent and digestible protein for any 
purpose which the stock -feeder may have in view. Examples of 
this kind of computation will be given later in this chapter. 

Kellner also devised a second method whereby the starch 
equivalent of a feeding stuff may be calculated on the basis of its 
digestible composition. For this purpose, he determined the fat- 
producing values of the pure digestible constituents of feeding 
stuffs, such as digestible oil, digestible protein, digestible fibre and 
so on. He found that 1 lb. of digestible protein was equivalent to 
0-94 lb. of digestible starch for fattening, and that 1 lb. of digestible 
oil had a starch equivalent of 2*41, 2*12 or 1-91, according as to 
whether the oil was derived from (1) oil cakes ; (2) cereals and legu- 
minous grains, and their by-products, and (3) coarse fodders and 
roots. Digestible fibre and digestible starch were found to be 
equal from the standpoint of fat production in the bodies of fatten- 
ing cattle, a finding which has led to the hypothesis that the 
bacterial ^gestion of 1 lb. of digestible cellulose in the paunch of 
ruminant animals, such as sheep, bullocks and dairy cows, gives 
rise to the formation of a-s much glucose sugar as is produced by the 
normal enzymatic digestion of 1 lb. of digestible starch. 

To calculate the starch equivalent of a feeding stuff from its 
content of digestible nutrients, the following expression should be 
employed : 

/ 2 4 

(% dig. protein x 0-94) +| %dig. oil X 2-1 or 

V 10 

I % flig. fi>)re i . % dig. carbohydrate 


S.E.per lOOlb. = 
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The factor to be used for converting digestible oil into its ^uiva- 
lent of starch depends on the type of food under consideration (see 
above) . It will be noted that it is necessary to introduce a correction 
factor V, known as the percentage availability of the feeding stuff, 
into the expression. The reason for this is as follows : If the 
calculated starch equivalent of a feeding stuff be checked against 
the value obtained by direct experiment on a bullock in a respiration 
chamber, the latter value is always lower than that predicted by 
calculation. In the case of linseed cake, for example, the experiment- 
ally determined value is 97 per cent, of the calculated value, V for 
linseed cake, therefore, being 0*97. This discrepancy arises from 
the fact that Kellner used the pure, finely-divided nutrients when 
he determined the starch equivalents of the digestible constituents. 
In actual practice, however, the digestible nutrients are never fed 
in this condition ; they are embedded in the indigestible matter of 
the food. The animal finds it necessary to expend energy in 
masticating the indigestible portion, in separating it from the 
digestible part and in passing it along the alimentary tract for excre- 
tion. This expenditure of energy, though only small for foods of 
a highly digestible character, may be very large in the case of a 
feeding stuff containing a high percentage of indigestible fibre. The 
result of the using up of energy in dealing with the indigestible 
part of the food is to reduce, in a greater or smaller degree, the 
amount of energy which the animal should otherwise be able to 
derive from the digestible nutrients. 

The V values are usually given in tables showing the composition 
and nutritive values of the feeding stuffs (2). For the concentrated 
feeding stuffs, V usually lies between 90 and 100 per cent. With 
the coarse fodders, where, on account of the high percentages of 
(Tude fibre, the correction is usually very large, it is customary not 
to employ the V factor, but to subtract, instead, the percentage 
of total fibre multiplied by 0-58, since Kellner has shown that 
every pound of fibre in the fodder causes the starch equivalent to 
be 0'58 lb. less than that calculated on the basis of digestible com- 
position. If the fodder is chaffed before use, the deduction should 
be only 0 29 lb. of starch equivalent for every per cent, of crude 
fibre, since chaffing diminishes the energy required for mastication 
and digestion. It should be pointed out that, in recent \ears, it has 
been found necessary to increase the starch equivalents of the coarse 
fodders by one-fifth, in order to bring them into line with measure- 
ments of net energy made by Armsby in America. 

Nutritive Ratio. — The nutritive ratio of a feeding stuff or ration 
is calculated by means of the following expression : 


Nutritive ratio 


(<;o oil X 2-3) + % dig, carlioliydrate -f % dig. fibre. 


% dig. proU'in 

The numerator is a measure of the carbohydrate equivalent of 
the digestible non-protein constituents. To bring digestible oil to 
the basis of carbohydrate, it is necessary to multiply by 2-3, since 
1 lb. of oil gives out, when completely burnt, 2-3 times as much 
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heat as is obtained by the complete combustion of 1 lb. of carbo- 
hydrate. The value of the nutritive ratio gives information about 
the balance of a feeding stuff or ration, and tells how many parts of 
“ fuel ** material, namely, digestible non-protein constituents 
expressed in terms of carbohydrate, are associated with 1 lb. of 
‘‘ flesh-forming ” substance, namely, digestible protein. 

The nutritive ratios of decorticat^ cottonseed meal, linseed 
(^akc, skim milk and whole milk are 1, 21, 2 and 4*2 respectively. 
Such values are termed “ narrow ** ratios and imply that the foo^ 
in question are rich in digestible protein. Seeds hay and meadow' 
hay of very good quality have nutritive ratios of 6 and 5 respectively ; 
values of this magnitude are termed ‘‘ medium ” ratios. Carbo- 
hydrate-rich foods are characterised by “ wide ” nutritive ratios, 
the values for barley and potatoes, for example, being 10 and 16 
respectively. 

Since the nutritive ratio defines the balance of a food or ration, 
the suitability of a given diet for any specific purpose may be 
checked by calculating its nutritive ratio. It must be confessed, 
however, that since it is now customary to define requirements in 
terms of starch equivalent and digestible protein, the conception of 
the nutritive ratio has become almost superfluous in connection 
with the computation of rations. A ration should be designed to 
supply the correct amount of starch equivalent, including a definite 
quantity of digestible protein, for the purpose in view, in which 
case, the balance of the ration automatically works out correctly. 

The Manurial Values of Feeding Stuffs. — The consumption by 
farm animals of purchased feeding stuffs makes an essential con- 
tribution to the upkeep of fertility on the farm, since a fraction of 
the nitrogen, phosphoric acid and potash in the food finds its way 
into the excreta of the animals and becomes incorporated, during 
winter feeding, in the farm-yard manure, or, with grazing animals 
and folded sheep, is directly added to the land. The recommenda- 
tions of the Committee on Residual Values of Fertilizers and 
Feeding Stuffs (1927) should be adopted when assessing the manurial 
values of feeding stuffs. Two-fiiths of the nitrogen of the food should 
be allowed to the manure, and three-quarters each of the phos- 
phoric acid and potash. The manurial values should be diminished 
by one-quarter when the feeding stuffs are fed to dairy cows. 

The procedure for calculating manurial values may be illustrated 
by considering the case of linseed cake, which contains 4*7 per cent, 
of nitrogen, 1*7 per cent, of phosphoric acid and 1*3 per cent. 
V of potash. The unit values of nitrogen, phosphoric acid and potash, 
in October, 1929, were 8s. 3d., 38. 7d. and 3s. Id. respectively: The 
current values, which, of course, depend on the market prices of 
fertibzers, may be obtained from the monthly tables published in 
the Journal of the Ministry of Agriculture, The calculation for 
linseed cake is carried out as follows : 

£ 8 . 

Value of nitrogen in manure = (4-7 x ^ X 88. 3d.) ... ... = 0 16 

„ P.,0, ,, ,, =(1-7 X i X 38. 7d.) ==0 4 

„ K,b „ ,, - (1-3 X i X 38. Id.) =03 


I 


£1 3 1 


o -1 o> r 



470 


FOODS AND FEEDING 


Relative Prices of Feeding Stuffs. — That the prices per ton of 
the feeding stuffs do not afford a safe criterion of relative cheapness 
or dearness is apparent from a consideration of the following case : 
In January, 1930, the prices per ton of palm kernel cake and undecor- 
ticated cottonseed cake were £9 10s. and £7 2s. respectively. It 
might be concluded from these figures that palm kernel cake was 
the dearer food, but this is not the case. 

The food value per ton of palm kernel cake is obtained by sub- 
tracting the manurial value per ton from the price per ton. It is, 
therefore, £9 lOs. — 17s. = £8 13s. The starch equivalent of 
palm kernel cake is 75, that is to say, 100 lb. of the oil cake contain 
75 lb. of starch equivalent. The starch equivalent contained in 
one ton is 75 X 22*4 lb. It is clear, then, that palm kernel cake 
supplies starch equivalent at a cost of £8 13s. — (75 X 22*4) = 
r25d. per lb. 

The starch equivalent of undecorticated cottonseed cake is 42 
and its manurial value is £1 7s. per ton. The price of 1 lb. of starch 
equivalent in the form of undecorticated cottonseed cake is, there- 
fore (£7 2s.— £1 7s.) (42 x 22*4) = r47d. It will be seen that 

palm kernel cake, although dearer on the basis of price per ton, is 
actually a cheaper food than undecorticated cottonseed cake, the 
criterion of dearness or cheapness of feeding stuffs being the prices 
at which they supply the unit amount of feeding value, namely, 
1 lb, of starch equivalent. 

Examples, illustrating this method of coming to a decision 
respecting the dearness or cheapness of feeding stuffs, are given in 
Table III. It should be pointed out, however, that the calculations 
are based on the prices per ton ruling in January, 1930, and that 
trustworthy conclusions can be made only on the basis of current 
prices. The farmer may save himself a great deal of trouble by 
consulting the tables of relative prices of feeding stuffs which are 
published every month in the Journal of the Ministry of Agriculture. 


Table 111 . — Relative Prices of Feeding Stuffs, [January, 1930 .) 


Feeding stuff. 

Starch 
equivalent 
per 1001b. 

Price per 
ton. 

Manurial 
value per 
ton. 

Food value 
per ton. 

Price per lb. 
ot Starch 
equivalent. 



£ 

8. 

£ 

8 . 

£ 8 . 

d. 

Linseed cake 

74 

13 

0 

1 

« 

11 12 

1-70 

Liuiec. ground nut cake ... 


9 

10 

1 

6 

H 4 

1-56 

JDec. ground nut cake 

73 

12 

0 

2 

0 

10 0 

1-47 

Sova bean cake 

09 

11 

r> 

1 

19 

9 6 

1-47 

Undec. cottonseed cake 

42 

7 

2 

1 

7 

5 15 

1 47 

Wheat 

Tl 

9 

17 

0 

12 

9 5 

1-38 

Bran 

42 

6 

10 

1 

1 

5 9 

1 38 

Coco-nut cake 

79 

10 

15 

1 

4 

0 11 

1-29 

Palm kernel cake 

75 

9 

10 

0 

17 

8 13 

1-25 

Extracted palm kernel meal 

71 

8 

15 

0 

17 

7 18 

1-20 

Maize meal 

81 

9 

5 

0 

9 

8 16 

116 

Barley 

71 

7 

10 

0 

9 

7 1 

107 

Middlings 

58 

6 

12 

0 

17 

5 15 

107 

Dried sugar beet pulp 

65 

5 

0 

0 

7 

4 13 

0-77 
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The Feeding Stuffs. — It is convenient to divide the feeding stufEs 
of the farm into the following groups : 

(1) The roughages or coarse fodders, so termed on account of 
their bulkiness and their high content of crude fibre. In this class 
are included the various kinds of hay and straw, chaff, cavings, etc. 

(2) The green fodders, including pasture grass, lucerne, vetches, 
kale, rape, mustard, oats and vetches, green maize, sugar beet tops, 
silage, etc. 

(3) The succulent fodders, such as roots and tubers, charac- 
terised by their high moisture content and low content of fibre. 

(4) The concentrated foods, including leguminous grains, cereal 
grains and their by-products, oil cakes, etc. In contrast to the 
roughages, the special feature of the concentrates consists in their 
supplying high feeding value in small bulk. 

(6) Miscellaneous feeding stuffs, in which group are included a 
number of concentrates, such as fish meal, dried blood, meat meal, 
dried yeast, etc., which arise as by-products of industries connected 
with the prepcuration of foods for human consumption. 

The Roughages or Coarse Fodders. — The composition and feeding 
value of a number of typical coarse fodders are shown in Table IV. 
For data concerning the analysis and nutritive value of the com- 
prehensive list of feeding stuffs, the reader should consult “ Rations 
for Live Stock.” (See footnote ^ on p. 497). 

Tabus IV. — Composition and Nutritive Value of Some Typical Coarse 

Fodders. 



Mois- 

ture 

% 

Crude 

protein 

% 

Oil 

% 

Carbo- 

hydrate 

% 

Fibre 

% 

Ash 

% 

Digestible 

protein 

% 

Starch 
equiva- 
lent % 

Barley straw 

14 0 

3 3 

1-8 

42-4 

33-9 

4-6 

0-8 

230 

Bean straw 

140 

4-5 

0-8 

33 0 

431 

4-6 

2 2 

230 

Oat straw 

14 0 

2 9 

19 

42-4 

33 9 

4*9 

10 

200 

Wheat straw 

14-0 

2*9 

13 

39-8 

35-9 

6 1 

01 

130 

Wheat cavings 

140 

8-6 

11 

42-7 

22*7 

10-9 

— 

— 

Red clover hay (good) 

16-5 

13 5 

2-9 

371 

240 

60 

8-5 

380 

Lucerne hay... 

16 5 

14-2 

2-6 

29-2 

29 5 

80 

9 7 

290 

Meadow hay (good) 

14-3 

9-7 

2 5 

410 

26-3 

6-2 

5-4 

37 0 

Meadow hay (verj' g’d 
Seeds hay (ryegrass 

160 

13-5 

30 

40 5 

19 3 

7-7 

9-2 

480 

and clover) 

14 0 

12.0 

28 

37 4 

27-5 

63 

6-2 

29-0 


An inspection of the figures in Table IV. shows that the chief 
characteristics of the coarse fodders are their high fibre content 
and their low content of oil. The straw of the cereals forms a 
bulky food, containing a very high percentage of indigestible fibre 
and only small amounts of protein and oil. Although it contains a 
moderate percentage of ash, the latter is of little value to the 
animal, since it consists very largely of useless silica and only to a 
small extent of compounds of lime and phosphoric acid. The nutri- 
tive value of straw is mainly dependent on the degree of ripeness 
of the crop at harvest time. The riper the crop, the poorer is the 
food value of the straw, since ripening is essentially a process of 
transference of food nutrients from stem to grain. 
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It is this circumstance which accounts for the fact that oat 
straw has the highest feeding value of the cereal straws, since it is 
customary, especially in Scotland and the north of England, to 
harvest oats before they are dead ripe. In Table IV., however, 
barley straw is shown to have a somewhat higher starch equivalent 
than oat straw. This slight superiority is due to the inclusion in the 
barley straw of the leaves and stems of grasses and clovers which 
have been sown with the barley. Wheat straw is more commonly 
employed as litter than for feeding to animals. When used for 
feeding, it is better not to chaff it, but to give it in the long condition, 
so that the animals may pick it over and select the more nutritious 
and palatable portions. 

Chaff and cavings are separated in the thrashing process. The 
cavings contain most of the breakable leaves included in the crop 
and may, if rich in clover, have a fairly good feeding value. The 
chaff is usually soaked with pulped roots before use. 

The most important of the roughages is meadow hay, a fodder 
which is exceedingly variable in respect of composition and feeding 
value. The protein content may be as high as 13 per cent, in meadow 
hay of good quality and as low as 7 per cent, when the quality is 
poor. The fibre content may vary at the same time from 20 to 
about 33 per cent. This difference in chemical composition is re- 
flected in the amount of meadow hay required for the maintenance 
of a dairy cow, the amount varying from 14 lb. to 20 lb. per head 
per day, according to quality. 

Three factors are mainly responsible for this wide variation in 
quality ; (1) Botanical composition of herbage. The presence of 
clover in the herbage enriches the hay in protein and lime. It may 
be stated, in general, that the greater the content of clover, the 
higher the nutritive value of the hay. (2) Date of cutting — this is 
perhaps the most important factor determining the nutritive value 
of meadow hay. Early-cut hay has a higher feeding value and 
protein content than hay cut at a later stage of growth. (3) Weather 
conditions at time of cutting. — If the weather is wet and unsettled 
at the time of hay-making, the hay is liable to be of inferior quality, 
both from the standpoint of palatability and that of chemical 
composition. Rain leaches out a portion of the soluble nutrients 
from the herbage, this effect being most marked when bad weather 
sets in just before the fodder is ready for carting. 

Seeds hay, made from a mixture of clover and grasses grown on 
arable land, is usually richer in protein and lime than meadow 
hay. Hay is also made from a variety of leguminous forage crops, 
such as lucerne, clovers and vetches. Reference to the composition 
and feeding value of these different kinds of hay will be made in the 
section dealing with green fodders. 

The Green Fodders. — The composition and nutritive value of 
some of the common green crops grown for feeding to farm animals 
are given in Table V. 
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Table V. — Composition and Nutritive Value of Some Common Green 

Fodders. 


Pasture grass, tiose- 
graxing— 

Non -rotational ... 
Rotational, with 
3- weekly Intervals 
Pasture grass, exten- 
sive grazing ; Spring 
value 

Sugar beet tops 
Cabbage, dniinhead 
Marrow stem kale . . . 
Thousand -headed kale 
Mustard 

Rape 

Green maize 
Crimson clover 
Lucerne 
Sainfoin 

Vetch and oat silage 
(“green fruity**) ... 
Vetch and c»at silage 
(“ acid brown ’*) ... 


Mois- 

ture 

% 

Crude 

protein 

% 

Oil 

% 

Carbo- 

hydrate 

% 

Fibre 

% 

Ash 

% 

Digestible 

protein 

% 

Starch 

equiva- 

lent 

0/ 

/O 

800 

5 3 

11 

-^1 

8-9 

26 

2*1 

V5 

j 

u-; j 

80 0 

4 5 

13 

9*3 

3 1 

1-8 

3 7 

14-6 j 

80*0 

3 5 

0*8 

9*7 

4 0 

2-0 

2*5 

11 2 

83-8 

2*0 

0*5 

8*7 

1-6 

3-4 

1-4 

8-6 

89*0 

1-5 

0 4 

5 9 

i 20 

1*2 

11 

6 6 

85-7 

2-4 

0*2 

6 4 

3-8 

15 

1-8 

8-9 

85-2 

2-5 

0 3 

8*7 

1-7 

1-6 

1*8 

8-8 

85*1 

29 

0 4 

7*3 

2-9 

1*4 

L9 

7-2 

85-9 

2-8 

0-8 

5*7 

3 5 

13 

2-0 

6 9 

80-6 

17 

0*5 

104 

5-6 

1*2 

1-0 

9 1 

81-5 

2-8 

07 

6-9 

6-2 

1-9 

2 1 

8-9 

760 

4*5 

0-8 

96 

6-8 

2-3 

3 2 1 

9-1 

80 0 

3 5 

0-6 

7-8 j 

6-9 

12 

2-3 j 

7-6 I 

72-7 

3 4 

12 

12-5 1 

8-0 i 

2 2 

2-2 i 

12-8 j 

65 4 

5*6 

15 

12 9 j 

1 

11-4 1 

1 

3 2 

3-8 i 

1 

13*0 j 


Recent research has shov^Ti that the food material in grass kept 
young and leafy by close grazing is not in any sense related in 
nutritive properties to a coarse foilder like hay, but has the protein - 
rich and highly digestible character associated with concentrated 
foods such as bean meal and linseed cake. The dry substance in 
young, leaf}" pasturage is, in other words, a protein concentrate 
of high digestibility and feeding value. By drying down young 
grass artificially ancl pressing it into nuts or cakes, a food is obtained 
which may be used as a substitute for oil cakes in the winter feeding 
of dairy cows and fattening bullocks. Besides supplying an abun- 
dance of highly digestible protein, such dried grass cakes are rich 
in bone and milk -forming minerals like lime, potash and phosphate. 
It has further been established that when a pasture is closely grazed 
at regular intervals, the high feeding value of the grass is indepen- 
dent of the typo of herbage, or the presence of much or little wild 
white clover. Under such conditions, there is no running off in 
feeding value, provided rainfall is adequate to maintain active 
growth, during July and August, sucli as occurs on poorly-managed 
pasture, where the grasses are allowed to grow fibrous and stemmy. 
It is advisable that the mowing machine should occasionally be 
resorted to, when it is found impossible, by grazing alone, to keep 
the herbage young and leafy. The best results, from the standpoint 
of yield of nutrient food per acre per season, are obtained by dividing 
the extensive pasture into a number of smaller enclosures, the latter 
being grazed closely in succession- Every enclosure, therefore, is 
permitted an interval of unchecked growth between successive 
close grazings. Investigations at Cambridge have demonstrated that 
this interval may be at least of three to four weeks’ duration without 
the herbage losing its “ concentrate ” character. 
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The green forage crops are of particular importance to the stock- 
feeder, since they provide an abundance of green succulent food for 
farm animals during periods of severe summer drought, when the 
pastures are apt to present a bare and scorched appearance. Among 
such crops may be mentioned lucerne, crimson clover, red clover, 
alsike clover, sainfoin and vetches, alone or in admixture with rye, 
bean or peas. These leguminous crops are characterized by their 
richness in lime and protein. It should be kept in mind that they 
fall off rapidly in respect of digestibility and nutritive value after 
arriving at full flower, and it is advisable, therefore, that they should 
be consumed in the stage of early flowering. They may be utilized 
for feeding in the fresh, green condition or, alternatively, they may 
be grown for conversion into hay for winter keep. 

Lucerne, in view of its drought-resisting and high-yielding 
characteristics, is especially useful for helping out the pastures 
during a dry summer. When thoroughly established, it may give 
as many as four cuts in a season, the total yield of green fodder 
amounting to 15 to 20 tons per acre. When not required for feeding 
in the green condition during the summer, it may be grown for hay 
for use in winter. The yield of roughage amounts to 3 to 4 tons per 
acre. Lucerne hay has a high feeding value and is particularly rich 
in protein and lime, 1 lb. of this leguminous forage containing about 
1 J ozs. of digestible protein and nearly 3 oz. of Hme. 

Green maize is a favourite fodder for dairy cows during the late 
summer and early autumn, when the productivity of the pastures 
is beginning to run off. It should be out during the flowering period, 
when it contains between 16 and 18 per cent, of dry matter. Green 
maize is much poorer in protein than the leguminous forage crops. 
When used for dairy cows, therefore, it should be supplemented by 
food rich in protein, such as lucerne or oil cakes. 

The sugar beet tops, which remain behind on the field when the 
sugar beets have been sent to the factory, form a useful food for 
sheep, ewes, dairy cows and bullocks during November, December 
and January. By the term sugar beet tops is meant the sugar beet 
leaves to which are attached the hard crowns of the roots. They 
contain from 83 to 85 per cent, of water, and the sugar of the 
crowns may constitute anything from one-tenth to one-fifth of 
the total dry matter in the tops. They are very highly digested by 
sheep and cattle, and, as a basis of feeding, 25 lb. of sugar beet 
tox)8 may be regarded as being able to replace 40 lb. of mangolds. 
A maintenance ration of 14 lb. of hay plus 40 lb. of mangolds, for 
example, could be replaced by the same amount of hay plus 25 lb. 
of sugar beet tops. Since sugar beet leaves may contain significant 
amounts of oxalic acid and oxalates, it is advisable to allow the 
tops to wilt for about a week before usage. The process of wilting 
leads to a very material reduction in the oxalic acid content of the 
leaves. All risk of trouble from oxalic acid may be obviated by 
feeding chalk along with the tops, a suitable allowance being J lb. 
of chalk per 300 lb. of sugar beet tops. 
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Cabbages are commonly grown for feeding to dairy cows in the 
late autumn, at a time when pasturage is scant and coarse. They 
are a watery, bulky food, containing, on an average, about 2 per 
cent, of protein. They are especially valuable because of their 
ability to withstand cold and frost, and, for that reason, are avail- 
able for the purpose of maintaining the milk yield of dairy cows at 
a difficult time of the year. Dairy cows may receive up to 60 lb. 
per head per day. 

Other green forage crops which are available for use in autumn 
and early winter are rape, mustard and marrow stem kale. Rape 
and mustard are grown more particularly for sheep-feeding, whilst 
marrow stem kale, besides being relished by sheep, is a favourite 
green food for dairy cows up to Christmas, after which time it is 
usual to go on to swedes and mangolds. Thousand headed kale, 
on account of its winter- hardiness, may he grown for use as a food 
for ewes and dairy cows in late winter and early spring. 

Green crops are frequently preserved for winter usage in tower 
silos, clamps and stacks. The changes which modify the character 
of the green fodder during its conversion into silage are threefold : 
(1) The respiration of the living plant cells, which leads to a portion 
of the carbohydrate of the crop being oxidized to carbon dioxide and 
water. This change is accompanied by the production of heat, the 
latter l)eing responsible for the familiar phenomenon known as 
self-heating in the mass of material. (2) The activity of plant 
enzymes, which results in a considerable portion of the protein ir 
the green crop being broken down to the simple amino acids. (3) The 
activity of bacteria, which is responsible for the production of organic 
acids from the caibohydrate in the crop. The chief organic acids 
present in good silage are lactic acid and, to a smaller extent, acetic 
acid. In silage of inferior quality, the foul-smelling butyric acid is 
the predominant organic acid. 

Silage may be used as a substitute for hay and roots in the 
rations of dairy cows and cattle. It is an excellent food for calves 
after weaning and is relished by sheep. It may also be fed, in moder- 
ation, to horses. The feeding value of good tower silage, considered 
on the basis of dry matter, is at least as high as that of hay made 
from the same green crop. It contains from 65 to 75 per cent, of 
moisture, and 100 lb. are equivalent to 30-40 lb. of hay, according 
to the quality of the hay. In this country, maize cannot in generid 
be grown to the desired stage of maturity for purposes of ensilage, 
although at least one variety, the French Jaune Gros, has given very 
satisfactory results in the southern counties. The most uniformly 
successful results for sUage are obtained with the oat and vetch 
crop, alone or in admixture with beans (®). 

The Succulent Foods. — In Table VI. are given the composition 
and nutritive value of some of the common succulent feeding stuffs. 
Data for the by-products of the beet sugar industry are also included. 

The introduction of root crops into this country during the 1 8th 
century was responsible for great improvements in the methods of 
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Table VI. — Composition and Nutritive Value or Succulent Foods. 



Mois- 

ture 

% 

Crude 

protein 

% 

Oil 

% 

Carbo- 

hydrate 

% 

Fibre 

% 

Ash 

% 

Protein 

equivalent 

% 

Starch 
equiva- 
lent % 

Carrots 

87 0 

1*2 

' 

0-2 

9-3 

1-4 

0-9 

0-6 

8-8 

Kohl rabi 

87 3 

20 

01 

8*2 

1-4 

10 

0-5 

8-3 

Mangolds (white- 
lleshed) 

89-3 

10 

01 

8-2 

0-7 

07 

0-4 

5 5 

Mangolds (long red) 
Swedes 

86*9 

10 

01 

10-3 

0-8 

0-9 

0-4 

6-8 

88-5 

1-3 

0-2 

8*1 

1-2 

0-7 

0-7 

7 3 

Sugar beet ... 

76-6 

11 

01 

20-4 

11 

0-7 

0-6 

150 

Turnips 

91-5 

10 

0 2 

5*7 

0-9 

0-7 j 

0-4 

4 4 

Potatoes 

76-2 

21 

01 

19-7 

0-9 

10 

09 

17-8 

Jerusalem artichoke 

79-6 

15 

0-2 

16-9 

0-7 

1-1 

0-7 

16-4 

Dried sugar beet pulp 

100 

8-9 

•0« 

591 

18-3 

3 1 

5-2 

65 5 

Molasses beet pulp ... 

100 

10.8 

0-4 

.58-2 

15 1 

5 5 

4-7 

63-0 

Beet molasses 

25-3 

3-5 


060 


5 2 

12 

51 6 


animal husbandry, since they provided a valuable and highly 
digestible food which could be stored safely for the purpose of 
carrying stock over the winter. Roots are, in reality, diluted carbo- 
hydrate concentrates. Owing to their bulky, watery nature, it has 
been suggested that they should never be included in the rations of 
dairy cows. There can be no doubt, however, of their value in the 
feeding of dairy cows, provided they are fed in moderation, say from 
30 to 50 lb. per head per day. 

Roots contain a very high percentage of water, the dry matter 
content of mangolds, for example, varying from about 9 to about 
14 per cent., according to variety. Swedes contain about 11 *5 per 
cent, of dry substance, whereas the average dry matter content of 
sugar beet is about 25 per cent. The main food nutrient in root 
crops is carbohydrate, chiefly in the form of cane sugar. Roughly 
two-thirds of the dry matter consists of sugars, the rest being 
composed of pectose and small amounts of protein, fibre and ash. 

Roots contain only small quantities of crude protein, the amount 
in mangolds, for example, being only 1 per cent. A large fraction of 
this, moreover, is not present in the form of true protein, but as 
nitrogenous substances of much simpler chemical nature, such as 
asparagine, ammonium salts and amino acids. The feeding value 
of these so-called ‘‘ amides has been the subject of many investiga- 
tions. The Scandinavian scientist, Hindhede, has showm by experi- 
ments over long periods, that the digestible protein of potatoes, 
which are rich in “ amides,” is a valuable type of protein for building 
up body tissue. Experiments in Denmark have led to the conclusion 
that when dairy cows are fed on rations containing the correct 
requirements in respect of starch equivalent and digestible protein, 
almost 90 per cent, of the amides in the food are built up in the 
animal into milk protein. In Germany, Morgen has proved that 
if asparagine, a t3rpical plant amide, be added to a ration containing 
sufficient starch equivalent but deficient in protein, then it can 
serve not only for maintenance, but also for milk production. At 
a later date, his fellow-countryman, Honcamp, obtained the sur- 
prising result that it is possible to replace part of the true protein in 
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the rations of dairy cows by means of an amide like urea without 
seriously affecting the milk yield of the animal. 

When computing rations in this country, the “ amides are 
assumed to have a food value equal to half of that of the same 
amount of digestible true protein. It will be noted, in Table VI. 
that instead of stating the percentages of digestible protein for the 
succulent foods, figures for the so-called protein equivalent have 
been given. The protein equivalent is simply the percentage of 
digestible true protein plus half the difference between the percent- 
ages of digestible crude protein and digestible true protein. In 
the case of the succulent foods, the protein equivalents should be 
employed, instead of the percentages of digestible protein, for 
purposes of computing rations. 

Mangolds are never used for feeding immediately after “ pulling,” 
since in this condition they cause “ scouring ” in the animals 
receiving them. After storage in the clamp until the end of Decem- 
ber. however, they may be fed with perfect safety. During storage, 
a large proportion of the cane sugar in the mangolds undergoes 
inversion into the reducing sugars, fructose and glucose. Mangolds 
contain an oxidising enzyme, which is responsible for the rapid 
darkening of the juice on oxpo.sure to the air. They are a popular 
food for dairy cows, since they cause no taint in the milk. Fattening 
cattle are frequently giv^n large allowances of mangolds (or swedes), 
in conjunction with hay, straw and oil cakes. They are also given 
to ewes and lambs in the spring, but should be fed only sparingly 
to male sheep, since they are liable to give rise to hard deposits 
in the bladder and ureters. 

Both swedes and turnips are known to produce taint in milk, and 
it is essential, therefore, that they should be fed to dairy cows after, 
and never before, milking. Carrots, which contain about 13 per cent, 
of dry matter, including 9 per cent, of sugar, are liked by all kinds 
of stock, especially horses. Parsnips are usually gro\^Ti for human 
consumption, but, where available for the purpose, may be used for 
feeding to dairy cows and bullocks. They contain about 15 per cent, 
of dry matter, including 11 per cent, of carbohydrate. Kohl rabi, 
although included with the roots in Table VI. is, in reality, a swollen 
stem. It possesses an advantage, from the feeding standpoint, over 
swedes and turnips, in that it does not taint the milk of dairy cows. 
Unlike mangolds, it can be fed to animals immediately after cutting. 

Although it is neither customary, nor perhaps desirable, to 
utilize sugar beet for feeding purposes, it is conceivable that circum- 
stances might arise occasionally when a farmer might wish to feed 
at least part of his crop. Sugar beets are too hard in texture to be 
used for feeding without previous pulping. It has been demon- 
strated that whole sugar beet, suitably grated, is an excellent 
substitute for barley meal, up to 25 per cent, of the total ration, in 
the production of bacon pigs. The substitution should be effected 
at the rate of 3J lb. of grated sugar beet for 1 lb. of barley meal. 

The pulp remaining in the factory after the extraction of the 
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suge^rfrom the sugar beet contains from 93 to 95 per w&tei. 

This is reduced by pressing to about 85 per cent., yielding the so- 
called wet sugar beet pulp. The latter can be used for feeding 
only on farms situated near to sugar factories, owing to the prohibi- 
tive cost of transport of such heavy, wet material and to the readiness 
with which it turns rancid and sour on exposure to the air. 

Almost the whole of the wet pulp produced in the sugar factories 
is dried down artificially and sold under the name of dried sugar 
beet pulp. In some factories, a proportion of beet molasses is run 
on to the wet pulp before drying. The product, after drying, is 
known as molasses beet pulp and ordinarily contains about 20 per 
cent, of sugar. 

Dried sugar beet pulp is a valuable food for dairy cows, fattening 
cattle and sheep. It is highly digestible and rich in digestible 
carbohydrate. It may be used as a substitute for roots in the 
ration, 1 lb. of dried pulp being able to replace 7 to 8 lb. of mangolds. 
It may be employed also as a substitute for cereals according to the 
following scheme : 1 lb. of dried sugar beet pulp = 1 lb. of oats = 

lb. of barley = f lb. of maize. Fattening cattle may receive up 
to 10 lb. per head per day with safety ; dairy cows up to 8 lb. ; 
3-month-old calves and ewes up to 1 lb. per head per day. Half 
the corn ration of horses has been replaced by a mixture of equal 
parts of dried beet pulp and molasses beet pulp with satisfactory 
results. Where more than small amounts of dried beet pulp are 
included in the ration, it is advisable that the food should be softened 
before use by soaking in twice its weight of water. 

Molasses beet pulp may be regarded as having a food value for 
fattening stock equal to that of dried beet pulp. In the feeding of 
dairy cows, however, the ordinary dried beet pulp should be 
preferred to the molasses beet pulp, since the latter has been known 
in rare cases to produce a slight fishy taint in the milk. 

Beet molasses, the syrupy residue remaining after crystallization 
of the sugar, contains from 15 to 30 per cent, of water, about 66 per 
cent, of carbohydrate, mainly sugar, and roughly 4 per cent, of 
albuminoid material, of which only about ^ per cent, is in the form 
of true protein, the remainder consisting substantially of a useless 
nitrogenous substance known as betaine. The product contains no 
oil, but about 5 per cent, of ash, composed mainly of potash, with 
only a small amount of lime and no phosphoric acid. Beet molasses 
is used in the manufacture of molasses beet pulp and the various 
proprietary molasses foods. It can also be made use of for enhancing 
the palatability of chaff and palm kernel cake. If employed too 
liberally in the ration, however, it will cause ' scouring ” on account 
of its high content of alkaline salts. 

The potato is the most important of the class of succulent foods 
known as tubers. On an average, it contains about 24 per cent, of 
dry matter, including 2 per cent, of crude protein, 20 per cent, of 
carbohydrate, mainly starch, and small amounts of fibre, oil and 
ash. Raw potatoes, if sound, clean and free from sprouts, may be 
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fed to cattle and dairy cows, but only in limited amount, owing; to 
their tendency to produce “ scouring.” One pound of raw potatoes 
is equal to 2 lb. of swedes or mangolds. Dairy cows may receive up 
to 20 lb. per head per day, but cattle, in the fattening period, may 
be given twice this amount. They should never be fed to young 
stock or pregnant animals. Potatoes should always be cooked for 
pigs, 4 lb. of cooked potatoes being equal to 1 lb. of meal. One 
pound of dried potatoes has a food value equal to 1 lb. of barley or 
wheat. Fattening cattle may be given up to 10 lb. of the dried 
product per head per day, dairy cows up to 5 lb. and pigs 2^ lb. per 
100 lb. live-weight. 

The Concentrated Foods. — The farm concentrates are conveni- 
ently divided into three classes : (1) The leguminous and cereal 
grains ; (2) the by-products of the cereal grains ; (3) the oil cakes 
and extracted meals. 

The composition and nutritive value of the common leguminous 
and cereal grains are shown in Table VII. (^). 


Tabi.k VII. — Composition and Nutritive Value of Leguminous and 

Cereal Grains. 



Mois- 

ture 

% 

Crude 

protein 

% 

Oil 

% 

Carbo- 

hydrate 

/o 

Fibre 

% 

Ash 

% 

Digestible 

protein 

% 

Starch 1 
equiva- 1 
lent % j 

LenminouB gralun : 

Beans 

Peas 

Cereal gralna : 

Barley 

Maize 

OaU 

Rye 

Wheat 

14 3 
14*0 

14*9 
130 
13’3 
13-4 
13 4 

25*4 

22-5 

8*6 

9*9 

10-3 

11*5 

12 1 

1*5 

1-6 

15 

4 4 

4-8 

1-7 

1-9 

48-5 

53*7 

67-9 

69'2 

582 

69-5 

69-0 

71 

5*4 

4 5 

2 2 

10 3 
19 
19 

3-2 

2*8 

2*6 

1 - 3 

3 1 

2 - 0 
17 

201 

19*4 

6 5 

7*9 

8 0 

9-6 

10-2 

65-8 

69 0 

71*0 

78-0 

59 5 
71-6 
71-6 


The cereal grains are rich in carbohydrate, mainly starch, but 
deficient in protein. For the purpose of balancing such foods in the 
rations of farm animals, the farmer usually finds it necessary to 
buy supplies of protein-rich foods, such as oil cakes. Expenditure 
on the latter, however, may be reduced by making use of the home- 
grown protein concentrates, peas and beans. Beans contain more 
than 25 per cent, of protein, whilst peas contain about 23 per cent. 
Crushed beans are a popular food for pigs and influence the quality 
of the fat and flesh favou^abl^^ They may be included in the rations 
of dairy cows, and 2 to 3 lb. per head per day may, with excellent 
results, be given to fattening cattle. Whey is frequently supple- 
mented, in the rearing of calves, by a mixture of four parts of linseed 
cake meal and five parts of finely ground bean meal, the mixture 
being us^ at the rate of 1 lb. to every gallon of whey, to which is 
added J oz. of feeding bone flour to provide the ingredients for bone 
formation. Crushed beans, in conjunction with maize, are a safe 
and valuable food for horses. 

The cereal foods include the home-grown grains, wheat, barley, 
oats and rye, and the imported grains, maize and rice. In the feeding 
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of farm animals, they must essentially be regarded as sources of 
digestible carbohydrate, which is mainly in the form of starch. 
This is clear from an inspection of the data in Table VII. They are 
deficient in protein and ash, and the latter ingredient, though 
containing satisfactory amounts of potash and phosphoric acid, 
is exceptionally poor in lime and chlorine. Maize, wheat and barley 
contain about 0 05 per cent, of lime. With the exception of maize 
and oats, the cereals contain only a small percentage of oil. 

Oats are the best balanced of the cereals, both in respect of the 
ratio of protein to starch and of lime to phosphoric acid. They are 
also fairly rich in oil and, owing to the inclusion of the husk, contain 
much more fibre than the other cereals. They are a popular and 
safe food for most kinds of stock, especially horses, but are usually 
considered too fibrous for feeding in more than moderate amount to 
growing pigs. 

Wheat and barley are very similar in composition, being rich in 
starch, rather low in protein and containing only small amounts of 
fibre, oil and ash. The value of barley meal as a food for pigs is 
universally recognized ; for this purpose, it is supplemented with 
middlings, and the deficiency of ash and protein is made up by the 
inclusion of fish meal, or, alternatively, of an oil seed product, such as 
extracted soya bean meal, plus a mineral supplement. Wheat may 
replace barley up to about one- third of the whole ration, but total 
replacement is not advisable, since wheat tends to become pasty in 
the mouth during mastication, rendering swallowing a matter of 
difficulty. For this reason, it is better to crush the wheat instead 
of grinding it to a meal. The j)opularity of wheat as a food for 
poultry should be mentioned. The manner in which the home- 
grown cereals may be used for the various kinds of live-stock wdll 
be dealt with in greater detail in the section dealing with the 
requirements of farm animals. 

Rye resembles wheat in composition, but is only grown in limited 
amounts in this coimtry for feeding to farm stock. In its fresh 
condition, it is liable to produce digestive disturbance and is usually 
ground and scalded before feeding to pigs. 

Maize, though containing a fair proportion of oil, is a very ill- 
balanced food and must be supplemented by feeding stuffs rich 
in protein and ash. When this precaution is observed, it is an 
extremely valuable ingredient of the rations of fattening animals. 
It should not be used too liberally for feesling to pigs, however, 
since it produces a soft, greasy fat. 

Polished rice, which is sometimes ground for live-stock when not 
required for human consumption, is even richer than maize in respect 
of starch. It contains 78 per cent, of carbohydrate and only 6 7, 
0-4 and 0*8 per cent, of protein, oil and ash respectively. It should 
be viewed solely as a food supplying digestible carbohydrate. Such 
ground rice should not be confused with ric(‘. meal, which consists 
substantially of the finely ground hulls, of the rice kernel removed 
in the polishing process. Rice meal is much richer in oil, protein 



CEREAL BY-PRODUCTS 


481 


and fibre than polished rice and is a better balanced food. It is 
frequently included in the rations of dairy cows and fattening cattle, 
but its richness in oil precludes its use with pigs. 

In addition to the cereal grains already dealt with, mention 
should be made of buckwheat, millet and dari, which are imported 
in considerable quantities, mainly for feeding to poultry. 


TarLK VIII. — COMPO.SITION AND NUTRTTIVE VALUE OF CkREAL By-PrODUCTS. 



Mois- 

ture 

% 

Crude 

protein 

o/ 

/o 

Oil 

% 

Carbo- 

hydrate 

% 

Fibre 

% 

Ash 

/o 

Digestible 

protein 

% 

Starch 
eijuiva- 
lent % 

Brail 

1,3 0 

151 

8-8 

52-8 

9 .-> 

5-8 

10-9 

420 

Coarse middlingH . . . 

140 

15 8 

4-9 

56-8 

4-9 

3-6 

115 

58 3 

Fine middlingB 

13 3 

170 

4-2 

60*8 

2-3 

2-4 

12 0 

69 0 

Flaked maize . . 

110 

0*8 

4-3 

72-5 

1*5 

0-9 

9'4 

! 84 0 

Maize germ meal . . 

1‘2 0 

100 

110 

590 

7 0 

1-0 

90 

790 

Maize gluten meal .. 

91 

3.5 5 

4-7 

47-5 

21 

M 

30-6 

81'5 

Maize gluten feed . . . 

104 

23 5 

3-4 

66-7 

35 

2 5 

20-0 

75-6 

Malt cooinba... 

loo 

24 4 

20 

42 4 

140 

7-2 

19 0 

43 4 

Dried brewer's graiiia 

10 3 

18 8 

6-4 

45 9 

1 15 2 

3-9 

: 1 

13 0 

48 3 


Recent investigations into the grading and composition of wheat 
feeds, by which name the offals arising in the milling of wheat arc 
now known, has revealed the fact that the old grade of pollards has 
disappeared as a result of changes during the period of. govern- 
mental control of the milling industry during the Great War. Two 
main grades of wheat feeds are now' sold on the market, namely, 
bran and coarse middlings, and only relatively small amounts of 
fine middlings are made. The coarse part of the pollards gets into 
the bran and the finer portion into the coarse middlings. Though 
the grading of the offals according to size of particles results in a 
division into three groups possessing sharply defined compositions, 
digestibilities and feeding values, as will be noted from the data 
in Table VIII., it is obligatory, w'hen marketing the grades, to furnish 
a guarantee of fibre conUuit, in order to prevent unscrupulous traders 
from grinding the coarser offals for admixture with the more expen- 
sive finer grades. It will be noted that the three grades are charac- 
terized by very different fibre contents, namely, 9*5, 4-9 and 2 3 
percent, for bran, coarse middlings and fine middlings respectively. 

Bran is a popular food for live-stock because of its gently laxative 
properties. It is largely used for cattle and horses, but is too fibrous 
for use in more than small amount for growing pigs, although it is 
commonly included in the rations of in -pig sows. Growing pigs 
commonly receive middlings, in conjunction with feeding stuffs such 
as barley meal and fish meal. 

Although the cooking of maize for pigs does not result in any 
significant increase in digestibility and nutritive value, it has been 
shown that the commercial process of steaming the grain, followed 
by rolling into thin flakes, leads to a distinct improvement in feeding 
value. Flaked maize is a highly digestible food and is well-suited 
for inclusion in the rations of deep-milking cows and of stock de- 
signed for early maturity. Maize gluten meal and maize gluten 
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teed, arising as by-products in the manufacture of com dour and 
glucose from msbize, are both rich in protoin and aro useful for 
increasing the protein content of the rations of alJ kinds of stock. 
Maize germ meal is much less rich in protein and has acquired 
considerable popularity as a supplementary food for grazing stock, 
for which purpose it is made in the form of cakes and cubes. It is 
too rich in oil for feeding to swine. 

Brewer’s grains may be purchased either wet or dry. The wet 
grains, however, can be used only on farms in the vicinity of 
breweries, owing to the readiness with which they turn sour and 
to considerations of transport. Dried brewer’s grains may be fed 
to dairy cows and fattening cattle up to about 6 lb. per head per 
day, but are too fibrous for pigs. Malt coombs are a valuable food 
for dairy cows and young stock. 

Oil cakes and extracted meals ^ are the residues which remain 
after the removal of the oil from certain oily seeds and fruits, such 
as cotton seed (24 per cent, oil), ground nuts (45 per cent, oil), 
linseed (37 per cent, oil), palm kernels (49 per cent, oil) and soya 
beans (18 per cent. oil). The oil thus obtained is used for the manu- 
facture of soap and margarine. When the oil is rt‘m()ved by hydrau- 
lic pressure, the residues, known as oil cakes, contain on an average 
about 8 per cent, of oil. Extraction of the coarsely crushed seeds 
with solvents, such as petrol, naphtha and carbon bisulphide, 
leads to a more thorough removal of oil, and the resulting extracted 
meals contain only 1-2 per cent, of oil. The composition and feeding 
value of the better-known oil cakes and extracted meals are shown 
in Table IX. 


Table IX.- Composition ani> Nothitive V’ai.ok Oil Cakes ani> 
lOxTrtA('Ti;i> Meals. 



Moi.s- 

ture 

% 

(Tilde 

protein 

OiJ 

o/ 

/O 

( .'arbo- 
hydratc 

Fibre 

Ash 

Digestible 

jirol^in 

“o 

Starch 
equiva- 
lent % 

Coco-nut cake 

CiKiec. cottonseed 

11-4 

20 -7 

9 9 

414 

n -2 

5 4 

10-2 

79-1 

cake (Bombay) 
Ihidec. cottonseed 

1‘2 3 

20 2 

4-8 


217 

5 '8 

150 

40 0 

1 cake (Efiyptian) ... 

121 

23 0 

5 a 

32-4 

21 2 

5-8 

17 (5 

' 41-8 

Dec. cottonseed meal 

H-7 

42 I 

10-9 

1 24 9 

7-4 

«-o 

3(i 3 

74-0 

Dec. groundnut cake 

10-3 

46-8 

7 a 

23-2 

i; 4 

5-8 

42-0 

73-0 

Linseed cake 

11-2 

29-5 

9 5 

.35 .5 

9 1 

5’2 

25-3 

74*0 

Palm kernel cake 

11-0 

18-8 

7-7 

45-3 

13 4 

3-.S 

17 1 

74-9 

Extr. i)alrn kernel meal 

100 

190 

20 

49 0 

KrO 

4(» 

17-1 

71-3 

Soya bean cake 

ur. 1 

42-4 

7-0 

25-8 

5-0 

5-3 

-38 2 

691 

Extr. soya bean meal 


44 7 

1-5 

31-9 

1 

5-1 i 

i 

40-3 

04 0 


The oil cakes and extracted meals are the iriost imjiortant of 
the class of feeding stuffs known as protein (concentrates. Coco-nut 
cake is the residue remaining after crushing the oil from copra, 
the dried fleshy interior of the coco nut. It is a valuable food for 
dairy cows and fattening bullocks and, after grinding to a meal, is 
frequently employed in pig-feeding. Cottonseed cake comes on to 
the market in the iindecorticated and decorticated forms. The 
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undecorticated varieties contain all the hulls of the seed and varying 
amounts of the lint. They contain, therefore, a large percentage of 
fibre, amounting to about 21 per cent, and, relatively speaking, 
only a small amount of protein, namely, from 20 to 23 per cent. 
Decorticated cottonseed cake, made by crushing seeds which have 
been freed from hulls, has a much higher protein content and feeding 
value than the undecorticated cake. It is frequently ground to a 
meal and sold under the names of decorticated cottonseed meal or 
yellow meal. The astringent properties of undecorticated cotton- 
seed cake have made it popular for adding to the rations of cattle 
on lush pasture or on heavy root allowances. This property is 
shared, to a lesser degree, by the decorticated product. Both the 
decorticated and undecorticated products are favourite foods for 
use with sheep and cattle, but the undecorticated cottonseed cake, 
on account of its high fibre content, should not be fed to young stock. 

Ground nut cake is manufactured by crushing the oil from ground 
nuts (earth nuts, peanuts, monkey nuts). The undecorticated 
variety has a somewhat higher feeding value than undecorticated 
cotton cake, but does not possess the astringent properties of the 
cottonseed product. Decorticated ground nut cake is particularly 
rich in protein and is a safe food for all kinds of stock, if used in 
moderation and balanced against carbohydrate-rich foods, such as 
cereals. 

Linseed cake is a safe and popular food for live-stock and is 
highly prized for feeding to fattening cattle in the final stages of 
fe^ng. No other food confers in such degree the ‘‘ bloom and 
sleekness of coat favoured by the butcher. It is a valuable food 
for young stock. On account of its gently laxative action, linseed 
cake is useful for introducing into mixtures which otherwise might 
have a constipating effect on the animal. Whole linseed is sometimes 
crushed to a meal and used, in small amount, for feeding to sick 
animals or for adding to skimmed milk, in replacement of cream, 
in the feeding of calves. Linseed cake should be used with care 
when being fed to porkers or baconers, owing to its tendency to 
produce an oily fat. 

Palm kernel cake is a valuable feeding stuff for dairy cows, 
cattle and pigs. When first introduced into the ration, however, 
animals do not take to it readily. This difficulty is only temporary, 
and may be overcome by accustoming stock to it gradually and 
increasing its palatability by the inclusion of a little tasty food, 
such as molasses or locust bean meal. 

Soya bean cake, containing more than 40 per cent, of protein, 
compares with decorticated cottonseed and ground nut cakes in 
respect of its richness in this constituent. It has a slight laxative 
action and is a safe food for all kinds of stock, if fed in moderation 
and balanced with foods rich in carbohydrate. Extracted soya bean 
meal, containing only about 15 per cent, of oil, is, when supplemented 
with minerals, an efficient substitute for fish meal in the feeding of 
pigs. 
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AmoT^ the lesser-used oil cakes may he mentioned rape cake 
(containing 36 per cent, of protein and possessmg an unpleasant, 
bitter taste), sesame cake (containing 45 per cent, of protein and 
having a good reputation on the continent for feeding to dairy 
cows) and sunflower cake (37 per cent: of protein). 

Miscellaneous Concentrated Feeding Stuffs. — Of the materials 
which have been added to the list of pig-feeding stuffs in recent 
years, special interest attaches to white fish meal. The latter is 
defined as “ a product (containing not more than 6 per cent, of 
oil and not more than 4 per cent, of salt) obtained by drying and 
grinding or otherwise treating waste of white fish, and to which no 
other matter has been added.” It contains more than 50 per cent, 
of protein and about 20 per cent, of mineral matter, the latter being 
composed mainly of phosphate of lime. Fish meal is an excellent 
supplement to grains and grain offals, because it supplies an abund- 
ance of digestible protein and minerals, in both of which the cereals 
grains are deficient. Owing to its high protein content, the ration 
of the pig should not contain more than small amounts of fish 
meal. 

A second grade of fish meal is made from the refuse of herrings, 
mackerel and other oily fish. Such fish meal, containing 10 to 20 
per cent, of oil and frequently large amounts of salt, should not be 
used for feeding purposes on account of risk of taint. 

Dried blood, a product of the slaughter-house, is a dark brown 
powder containing about 80 per cent, of protein. It is a useful 
supplement to grains and wheat offals in the rations of young 
swine, but should be fed in very small amounts (1 to 2 oz. per day) 
on account of its richness in protein. 

Meat meal is produced by drying and grinding the refuse, other 
than bones, in factories where meat is canned or where meat extract 
is made. It contains 70 per cent, of protein and 10 to 15 per cent, 
of fat. Carcass meal is obtained when the bones are ground up 
with the refuse meat. It contains 50 per cent, of protein, 10 to 15 
per cent, of fat and about 20 per cent, of mineral matter. The latter, 
as with fish meal, consists mainly of phosphate of lime. 

Dried yeast, which results from the drying of waste yeast from 
the breweries, contains about 50 per cent, of protein and practically 
no oil and fibre. It is particularly rich in vitamin B. C)n account 
of its richness in protein, it should be fed oidy in small quantities, 
and in the diet of the pig not more than 4 to 8 oz. should be 
included. 

Large quantities of manioc meal (tapioca flour), a b^^-product 
of the cassava root, are now finding their way on to the market. 
This feeding stuff is essentially to be regarded as a source of digest- 
ible carbohydrate, and it should only be fed to pigs in conjunction 
with protein and mineral supplements. It contains 81 per cent, 
of carbohydrate, mainly starch, and only 3 per cent, of protein. 
It has been shown to be suitable for replacing maize meal or barley 
meal up to at least 25 per cent, of the pig’s total ration. 
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Requirements of Farm Animals (2). — The science of animal nutri- 
tion is mainly concerned with the securing of such information as 
will render possible the efficient and economic feeding of farm 
animals. Research in this branch of biological science is directed 
towards the solution of the following problems : (1) What are the 
energy and protein requirements of the different classes of farm 
animals at the different stages of their life -histories ? (2) What 

are the capacities for food consumption of farm animals at different 
ages and live-weights ? (3) What are the capacities of the available 
feeing stuffs for supplying the requirements of farm animals ? 
Information relative to the feeding values of the different feeding 
stuffs of the farm has already been brought forward in the preceding 
sections of this chapter. It has been made clear that the nutritive 
value of a food can be defined in terms of its content of digestible 
protein and starch equivalent. It now remains to consider the 
information which has been accumulated by various workers 
respecting the food requirements of farm animals. 

It is customary, in the feeding of live-stock, to distinguish 
between two kinds of requirements : (1) maintenance require- 

ments and (2) production requirements. A maintenance ration is 
one which will maintain a resting animal in health, without losing 
or gaining in weight. Scientifically speaking, the animal, on such 
a diet, should be in carbon and nitrogen equilibrium, or, translated 
into popular language, it should neither be gaining nor losing fat 
and flesh, A maintenance ration provides sufficient starch equiva- 
lent for keeping the body temperature at about 37° C., for furnishing 
the energy necessary for the involuntary activities of the body, such 
as heart beat and blood circulation, and for enabling the animal 
to perform such small amounts of work as are entailed in lying down, 
standing up or walking about. In addition, the ration should supply 
a certain minimum amount of digestible protein to make good the 
losses of protein from the body as a result of the “ wear and tear 
of the cells in the living processes. 

Any food fed beyond the maintenance requirements can be 
used for productive purposes, such as milk production, live-weight 
increase and muscular work. The amount of food to be added to 
the maintenance ration depends on the rate of production in the 
animal. Thus, if the live- weight increase in a bullock is g lb. per 
day, and each lb. of live -weight increase contains c lb. of starch 
equivalent, then the production requirement is gc lb. of starch 
equivalent. Similarly, if a dairy cow is yielding n gallons of milk 
daily, and each gallon of milk contains e lb. of starch equivalent, 
then the requirement for milk production is ne lb. of starch equiva- 
lent. 

With meat-producing animals, the ration R, in terms of starch 
equivalent, is calculated according to the expression : R = M + grc, 
where M is the maintenance requirement of the animal, g its rate 
of gain of live-weight in lb. per day and c the starch equivalent 
contained in 1 lb. of live-weight increase. The ration must be meAe 
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up so as to furnish a certain minimum amount of dig^tible protein. 
In the case of cattle, the maintenance requirements have b^n 
determined by balance experiments on fully-grown oxen in respira- 
tion chambers, while the starch equivalent requirements per lb, 
of live-weight increase at different ages and live-weights have been 
found by a method of experimentation known as the comparative 
slaughter method. 

The computation of rations for dairy cows is carried out in a 
similar manner : R, the starch equivalent of the total ration, is 
equal to M, the maintenance requirement, plus ne, where n equals 
the yield of milk per day in gallons and e is the starch equivalent 
content, or requirement, per gallon. As with meat- producing 
animals, the rations for dairy cows must furnish a definite amount 
of digestible protein. The maintenance requirement of dairy cows 
are assumed to be the same as those for bullocks of similar live- 
weight. 

ft must not be thought that this method of computing rations 
necessarily gives results in mathematically exact agreement with 
an animal’s actual requirements. This could not possibly be so, 
since animals are not machines, but are characterized by varying 
individualities. The method, however, affords a very safe guide 
to economic feeding, and the art and skill of the feeder will be 
employed in making any slight adjustments which he may deem 
necessary on the basis of his observations of the progress of his 
animals. 

The Requirements for Milk Production (^). — In Table X. are sum- 
marized the food requirements of dairy cows, in terms of digestible 
protein and starch equivalent. 


TAniJ<: X. -Foou liEC^UlKKMKNTS OF ])AIHY CoWS. 



Live-weight of 
Animal. 

Starch 

equivalent. 

Digestible 

proUdn. 


cwt. 

lb. 

11.. 

Maintenance : 

10 

0 50 

0-70 


12 

7 50 

0-75 

Production (per gallon of milk) 

14 

8-25 

0-80 

(a) Jersey and Guernsey breeds ... 

At all live-weights. 

30 

0-7 

(li) All other breeds 

j 

2*5 

0-6 


Rations composed of feeding stuffs such as hay, straw, roots, 
silage, dried sugar beet pulp, etc., are usually employed to satisfy 
the maintenance requirements of dairy cows. The following rations, 
containing about 6-5 lb. of starch equivalent and including about 
0-7 lb. of digestible protein, may be taken as typical maintenance 
rations for a dairy cow of 10 cwt. live-weight : (1) 18 lb. of average 
meadow hay ; (2) 13 \b. average meadow hay plus 40 lb. mangolds ; 
(3) 15 lb. oat and vetch silage, 4 lb. oat straw and 10 lb. average 
meadow hay. 

An amount of food containing 2*5 lb. of starch equivalent and 
including 0*7 lb. of digestible protein is required for the production 
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of a gallon of average milk (3*7 per cent, of fat), such as is given by 
shorthorn cows. A four-gallon cow of 10 cwt. live- weight requires, 
therefore, a ration which supplies 6-5 + {2-5 X 4) = 16*5 lb. of 
starch equivalent, including 0-7 + (0*6 x 4) ~ 31 lb. of digestible 
protein. In the case of Jersey and Guernsey cows, yielding milk 
which contains, on an average, 4*9 per cent, of fat, the production 
requirement, per gallon, rises to 3 lb. of starch equivalent, including 
0*7 lb. of digestible protein. 

Concentrated feeding stuffs, such as oil cakes and extracted 
meals balanced by cereals and cereal by-products, are most com- 
monly used in the production part of the rations of dairy cows. 
The proportion of cereal which can be used in the production mix- 
ture depends on the kind of oil cake used. If the latter is extremely 
rich in protein, as is the case wuth decorticated ground nut cake, 
then two parts by w'eight of cereal may be mixed with one part of 
oil cake. This fact is illustrated by the example worked out in 
Table XI. 


Table XL — MiLK-PitoDrcTfov R.ATroy covT.vmfvc; Barlev and 
Dec. (i hound Nut Cake. 



Star(*h 

Digestible 


equivalent. 

protein. 


lb. 

lb. 

100 lb. dec. ground nut cake contain 

73-0 

420 

200 lb. barley contain 

142 0 

130 

300 lb. mixture contain 

2150 

550 

100 lb. „ „ 

71-7 I 

18-3 

3* lb. „ .. 

2-5 

0-64 


It wdll be seen that 3^ lb. of a mixture of one part of decorticated 
ground nut cake and tw^o parts of barley supply the starch equiva- 
lent and digestible protein necessary for the production of a gallon 
of milk. The production mixture may be varied by replacing the 
decorticated ground nut cake, w^holly or partly, by oil cakes simi- 
larly rich in protein, such as decorticated cottonseed meal, soya 
bean cake and sesame cake. Further variation may be effect^ 
by the replacement of the barley, wholly or in part, by other starchy 
foods, such as maize, flaked maize, wheat and fine middlings. 

When oil cakes less rich in protein are employed in the milk- 
production mixtures, the proportion of cereal must be reduced in 
order to preserve the correct balance. For example, a mixture of 
two parts by weight of linseed cake and one part of barley, when 
used at the rate of 3J lb. per gallon, supplies the requisite 2*5 lb. 
of starch equivalent, including 0*6 lb. of digestible protein. The oil 
cake in the production mixture, however, should never consist 
wholly of linseed cake, firstly, on account of the dearness of this 
feeding stuff, and secondly, because the too-liberal use of linseed 
cake tends to produce a soft, greasy texture in the butter from the 
milk. It is advantageous, therefore, to combine the linseed cake — 
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cereal mixture with one, two or three parts of the decorticated 
ground nut cake (or decorticated cottonseed meal) — cereal mixture, 
and to feed 3^ lb. of the resulting mixture for every gallon of milk. 

It is interesting to note that palm kernel cake has the correct 
balance for milk production, 3J lb. of this oil cake containing 2*6 
lb. of starch equivalent, including 0-6 lb. of digestible protein. It may 
be fed in the production ration, therefore, without admixture with 
cereals, or may be added to any other milk -production mixture 
without disturbing the balance between starch equivalent and 
digestible protein. 

The method of computing rations for dairy cows outlined above 
depends on making a definite allowance of food, usually in the 
form of roughage, alone or admixed with other bulky foods such 
as roots and sugar beet pulp, for purposes of maintenance, and then 
adding on 3J lb. of a balanced concentrate mixture for every gallon 
of milk. If, as is commonly the case, the maintenance ration takes 
the form of 20 lb. of meadow hay of moderate quality, then a four- 
gallon cow will receive 20 -f- (3^ X 4) == 34 lb. of food per day. 
This figure is of particular interest, since it is assumed to mark 
the capacity for food consumption of 10 cwt. dairy cow. In terms 
of dry matter, it amounts to about 30 lb. per day. Obviously, 
therefore, this method of computing rations breaks down when 
dealing with cows yielding more than four of five gallons of milk 
daily. A seven-gallon cow, for example, cannot cope with a daily 
ration containing 20 + (3^ x 7) = 44^ lb. of food. 

With high-yielding cows, there is no alternative but to cut down 
the amount of coarse fodder in the ration, so as to keep the total 
ration in the neighbourhood of 34 lb. per day. The requirement of 
concentrated food for milk production is first calculated and this 
amount is subtracted from 34 lb., the difference giving the amount 
of hay which should be included in the ration. Jn the case of the 
seven-gallon cow, the concentrate allowance is 3| x 7 = 24 J lb. ; 
the hay allowance is 34 — 24| 9J lb. per day. This method of 
computing the hay allowance for high yielders ajipears to w'ork 
satisfactorily in practice and can be justified on theoretical grounds. 
It should be kept in mind, however, that heavy -yielding cows are 
frequently characterized by an ability to consume much more than 
30 lb. of dry matter in their daily food. 

Requirements for Beef Production. — The greater proportion of 
young cattle in the British Isles pass through a long store period, of 
two to two-and-a-half years, on the pastures of Ireland, Wales 
and the western counties. At the end of the store period, they 
weigh from 7 to 10 cwt., having gained, since birth, at the rate of 
about 1 lb. live- weight per day. A higher rate of gain is not poss- 
ible, since such animals are on grass of indifferent quality during 
the summer and are usually fed on poor hay in the winter. At the 
end of the store period, the beasts go through an intensive period of 
feeding of 3 to 4 months, after which they are slaughtered as prime 
beef. Store beasts are fattened on roots, straw and hay, and 
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concentrates in East Anglia, or may be fed, for the same purpose, 
on the rich pastures of the Midlands. 

In recent years, however, there has been a strong movement 
in the direction of feeding young beasts for early maturity, such 
animals, weighing in the neighbourhood of 10 cwt., being slaughtered 
for “ baby beef when about 18 months old. In this way, the 
overhead charges for maintenance food are reduced materialh' and 
the present demand for small, succulent joints is met. In the 
rearing of calves for “ baby beef,” advantage is taken of the fact 
that a calf is capable of increasing in live -weight at the rate of about 
2 lb. per day. Such calves receive new milk for the first few weeks, 
followed by skim milk with a cream substitute. Later, they are 
brought on to hay, supplemented by cake and oats. In the winter, 
they are allowed a small ration of roots, kale or cabbage, with hay 
and concentrates. In the summer, while at grass, they receive a 
concentrated supplement, such as a mixture of crushed oats, malt 
coombs and maize germ meal. At a year old, they are fattened on 
roots or green stuff, hay and concentrates. 

Feeding for quick maturity implies the liberal use of concen- 
trated foods of high digestibility. Interesting figures have been 
published recently illustrating the different kinds of feeding w’hich 
must be awlopted for the production of prime beef and ‘‘ baby beef.” (^) 
A bullock fattened and killed at three years old has eaten, since 
birth, 18,000 lb. of dry matter, including about 1,000 lb. of concen- 
trates. His carcass yields 800 lb. of saleable meat. He has, there- 
fore, consumed, per lb. of saleable meat, 22J lb. of dry matter, 
of which only lb. is concentrated food. A “ baby beef ” animal, 
killed at eighteen months of age, has eaten 7,000 lb. of dry matter, 
of which 1,500 lb. consists of concentrates. His carcass yields 
600 lb. of saleable meat. Ho has, therefore, consumed, per lb. of 
saleable meat, 11| lb. of dry matter, of which 2^ lb. is concentrated 
food. These figures show that, per lb. of meat produced, ” baby 
beef ” requires about twice as much concentrated foods els three- 
year-old beef. 

A store beast of 8 cwt. live- weight requires lb. of starch 
equivalent per day for purposes of maintenance. This requirement 
rises to 6, 6J, 7, 7i and 7| lb. of starch equivalent for bullocks of 
9, 10, 11, 12 and 13 cwt. live-weight respectively. The production 
requirements for fattening, per lb. of live-weight increase, are as 
follows ; (1)2 to 2J lb. of starch equivalent for stores under 2 years. 
(2) For 2-year-old stores, 2J to 2i lb. of starch equivalent, accord- 
ing to the condition of the animals. (3) 2h to 2J lb. of starch equiva- 
lent for 2J to 3-ycar-old stores. In the half -fat condition, a bullock 
requires, in addition to its maintenance food, 3 lb. of starch equiva- 
lent per lb. of live- weight increase, while if feeding is continued to 
the stage of fatness, it is necessary to supply about 4 lb. of starch 
equivalent to secure a lb. of live- weight gain. In this connection, 
it is of interest to recall that 4 lb. of digestible starch or starch 
equivalent has been shown by Kellner to form 1 lb. of fat in the body 
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of fattening bullocks. The foregoing data emj)ha8ize the well- 
known fact that it is uneconomical to push an animal to a state 
of absolute fatness, the food requirements in the final stages being 
excessive. 

In respect of protein requirements, the rations of fattening 
bullocks need not contain more than lb. of digestible protein per 
day. The necessary starch equivalent should be contained in a bblk 
of food within the animaFs capacity for food consumption, which 
varies from about 21 lb. of dry matter per day for the 8 cwt. store 
to about 28 lb. in the case of a beast of 13 cwt. live- weight. 

A store beast of 9 cwt. live-weight requires, for live-weight in- 
crease at the rate of about 2 lb. per day, a ration supplying 6 lb. 
of starch equivalent for maintenance and 2J x 2 == 5 lb. for pro- 
duction purposes. The total ration should supply, therefore, 11 lb. 
of starch equivalent, including IJ lb. of digestible protein, and 
this amount of nutrient should be contained in about 22 lb. of dry 
matter. An example illustrating the computation of such a ration 
is worked out in Table XII. 


Table XII. - Ration for a 9 Cwt. Store Beast Fattening at the Rate 
OF 2 LB. PER Day. 



1 

Dry matter (lb.) 

Starch 

equivalent (Ih.) 

50 Ib. swedes ... 

5-8 

3 65 

8 lb. oat straw 

6-9 

1-60 

5 lb. meadow hay 

I 4-3 

1-85 

4 lb. crushed barley 

3 4 

2-84 

1 lb. bean meal ... 

(1-9 

0-G6 

1 lb. dec- cottoiKseed meal 

0-9 

0 74 

Total ration 

22-2 1 

11 34 


niRestible 
protein (lb.) 


0-35 

008 

(>•27 

0-26 

020 

0-3« 


1 52 


Such a ration would enable the animal to increase in live -weight 
at the rate of about 2 lb. per day. As the beast increased in weight, 
it would be necessary from time to time to increase the size of the 
ration. The extra food, however, should not consist of oil cake, 
since the animal is already receiving as much digestible protein as 
is necessary. For this jujrixxse, home-grown cereals or maize, raw 
or flaked, should be employed. If the stock feeder wishes to use 
linseed cake during the last month of fattening, in order to improve 
the appearancic of his animals, then 2 lb. of linseed cake mav be 
introduced into the rations in replacement of 1 lb. of barley 4- 1 lb. 
of decorticated cottoiLseed meal. 

In computing rations for young cattle designed for early matur- 
ity, it should be kept in mind that the gain in live- weight in very 
young animals consists mainly of water, protein and ash. As the 
animals grow older, the live-weight gain becomes less watery and 
progressively richer in fat, and it follows, th(‘refore, that the starch 
equivalent required, j)(*r lb. of live-weight increase, grows steadily 
larger with advancing age. The production requirement varies 
from 1*3 lb. of starch equivalent at 2 to 3 months. 1-6 lb. at 3 to 6 
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months, 1-9 lb. at 6 to 9 months, up to 2*1 lb. at 9 to 12 months of 
age. The maintenance requirements are 4, 4^ and 5 lb. of starch 
equivalent at 5, 6 and 7 cwt. live- weight respectively, the corres- 
ponding capacities for consumption being 17 and 19 lb. of 
dry matter per day. 

As an illustration of the method of computing rations for early 
maturity, the case of a lO-months-old steer intended for baby 
beef ” may be considered. Such an animal, weighing about 6 cwt., 
requires 41 lb. of starch equivalent for maintenance. In order that 
it may increase in live -weight at the rate of about 2 lb. per day, 
it should receive a further allowance of food supplying 21x2 
= 4-2 lb. of starch equivalent. The total ration, therefore, should 
contain 8*7 lb. of starch equivalent, including about IJ lb. of diges- 
tible protein, and this amount of nutrient should be contained in 
not more than about 17 lb. of dry matter. A suitable ration is 
computed in Table XIII. 


Table XIII. Ration for a IO-Months Old Steer intended for “ Baby 

Beef.” 



Dry matter (lb.) 

Digestible 
protein (lb.) 

starch 

equivalent (lb.) 

10 Ib. good meadow hay 

8-6 

054 

3*70 

40 lb. swedes ... 

46 

028 

2*92 

1 lb. barley meal ... ... ... 

0 9 

006 

0 71 

1 lb. bean meal j 

0-9 

020 

! 0-66 

1 lb. Unseed cake j 

0-9 

0 25 

074 

Total ration j 

lf> 9 

1 33 

8 73 


Requirements of Sheep (^). — The information which has been 
secured in recent investigations into the food requirements of sheep 
is summarised in Table XIV. 


Table XIV.— Food Requirements of Sheep. {Taken from ” Rations for 

Live Stock."') 


Live-weight 

(lb.) 

Api)etite in lb 
dry matter 
per week. 

For maintenance ; 
Ib. starch equiva- 
lent per week. 

For production : 
lb starcli equiva- 
lent per lb. of 
live-weight 
increase. 

Digestible 
protein 
lb. per week. 

20 

8 

3 

1 

! 

40 

13 

4! 

U 

1 

60 

17 


1* 

14 

80 

21 

71 

U 

1| 

100 

24 

9 


If 

120 

27 

10 

2i 

u 

140 

30 

11 

3 

If 

160 

33 

12 

31 



If 


As an instance of the use to which the data in Table XIV. may 
be put, the case of the winter fattening of tegs (hoggetts) may be 
dealt with. Such animals will average about 80 lb. live-weight when 
folded in October, and they will be expected to increase in live- 
weight at the rate of about 2^ lb. per head per week. Table XIV. 
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fumiBhes the data necessary for computing a suitable ration for 
this purpose, A teg of 80 lb. live-weight requires, for maintenance, 
an amount of food supplying 7 § lb. of starch equivalent per week. 
Extra food, containing Ij X = 3f Jb. of starch equivalent, 
must be given to make possible a live-weight gain of lb. per 
week. The total weekly ration should therefore contain 11 J lb. 
of starch equivalent and should include about If lb. of digestible 
protein. The starch eqtd valent should be contained in not more 
than 21 lb. of dry matter. 

If the tegs are folded on marrow stem kale and are allowed, 
in addition, 5 lb. of seeds hay per head per week, the consumption 
of kale will average about 100 lb. per head per week. Reference 
to tables giving the composition and nutritive value of feeding stuffs 
shows that this amount of kale and seeds hay vdll supply 18*6 lb. 
of dry matter, containing 10*4 lb. of starch equivalent and 1*6 
lb. of digestible protein. The tegs, therefore, should receive, per 
head per week, a supplement containing 1-1 lb. of starch equivalent, 
including 0*15 lb. of digestible protein, and this should be supplied 
in not more than 2J lb. of dry matter. 

The best kinds of feeding stuffs for supplementary feeding to 
fattening sheep are cereals, such as crushed barley, maize meal, etc., 
fed in conjunction with oil cake meals. 1*5 lb. of a mixture of one 
part by weight of decorticated cottonseed meal and two parts of 
crushed barley contains the necessary M lb. of starch equivalent 
and includes about 0*2 lb. of digestible protein. The supplement 
should be fed at the rate of about J lb. per day for the first month, 
the amount being increased gradually during the feeding period to 
about J lb. per head per day. 

For the production of every gallon of milk, a suckling ewe should 
receive, in addition to its maintenance requirements, extra food 
containing 3 lb, of starch equivalent, including 1 lb. of digestible 
protein. This amount of nutrient is contained in 4 lb. of linseed 
cake, or in 4 lb. of a mixture of equal parts of barley (or other cereal) 
and decorticated ground nut cake (or similarly protein-rich oil 
cake). Investigations of the milk yield of Suffolk ewes has revealed 
the fact that such animals give about gallons of milk per week, 
ewes with doubles yielding rather more and ewes with singles rather 
less. The milk -production requirement of a ewe, therefore, is about 
2^ X 3 ^ lb. of starch equivalent, including 3 lb. of digestible 
protein per week. This is contained in 10 lb. of the mixture of 
equal parts of barley and decorticated ground nut cake. If, however, 
the ewes, with their lambs, are folded on thousand headed kale 
and are given 14 lb. of seeds hay per head per week, then they will 
secure a part of their production requirements from these fodders, 
and a suitable supplement, per head per day, will be rather less 
than 1 lb. of a mixture of one part of decorticated cottonseed meal 
and two parts of crushed oats. 

The Summer Feeding of Sheep and Cattle. — The application of 
scientific principles, as embodied in the feeding standards, to the 
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nutrition of live-stock is a relatively simple matter during winter, 
since during this season the farmer is able to control the amount 
of food consumed by his animals, and moreover, the composition 
and nutritive value of such foods as are commonly employed in 
winter feeding can be assessed with a fair degree of reliability. 
During summer, however, when sheep and cattle are out on pastures, 
it is not easy to ensure that the feeding of farm animals is being 
carried out in accordance with the accepted standards. 

In the first place, it is difficult to judge the amount of grass 
consumed in a day by a grazing animal, and most figures given in 
this connection must be regarded as unreliable. The tendency of 
animals to “ scour on spring pasturage is probably to be erplained 
by their going from restricted indoor feeding to unrestricted outdoor 
feeding, under which conditions they are liable to consume excessive 
amounts of the abundant, protein-rich herbage. In the second place, 
the composition of pasture herbage is extremely variable during the 
course of the season, especially under ordinary conditions of 
extensive grazing. Only when pastures are intensively grazed, as 
in the modem system of sectional grazing, is it possible to assess 
the composition and nutritive value of the herbage with any degree 
of precision. In the third place, grazing animals use up very signi- 
ficant amounts of energy in biting off the grass and in walking about 
the pastures. It has been suggested that, on the best fatting 
pastures, the amount of energy thus used up by cattle amoimts 
to about 1 lb. of starch equivalent per head per day, whereas on 
the poor types of grassland, it may be as high as 3 lb. of starch 
equivalent. During the hot part of the season, animals on pastures 
also expend considerable energy in warding off the attacks of 
flies and other insects. The conditions of summer feeding, it will 
be noted, do not by any means conform to the restful, indoor 
conditions under which the requirements of farm animals have, 
for the most part, been determined. 

The efforts of the stock-feeder, during summer, are mainly 
directed towards deciding when supplementary feeding on grass 
is necessary, and, when necessary, what kinds and amoimts of 
concentrates should be used for the purpose. Recent investigations 
have shown that young, leafy grass is exceedingly rich in protein 
and starch equivalent. The dry matter in such herbaige is to be 
regarded as a protein concentrate of high digestibility and nutritive 
value. It coAtains about 70 per cent, of starch equivalent, includ- 
ing about 20 per cent, of digestible protein. A ration of such grass 
containing 30 lb. of dry matter (t.e., an amount assumed to be a 
measure of the appetite of a 10 cwt. dairy cow) supplies about 
21 lb., of starch equivalent, including about 6 lb. of digestible pro- 
tein ; that is to say, sufficient starch equivalent for the production 
of six gallons of milk and enough digestible protein for nine gallons. 
It may be concluded with safety that young, leafy grass contains 
starch equivalent sufficient for five gallons of milk and digestible 
protein sufficient for seven gallons. 
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These figures indicate that such herbage is not correctly 
balanced for milk production, owing to its richness in protein. 
The correct supplement for dairy cows, therefore, should be rich 
in carbohydrate and poor in protein, a statement which also holds 
good for fattening stock and young animals. A balanced ration for 
young beasts, for example, is obtained by supplementing nine parts 
by weight of fresh grass with one part of starchy food. 

In the spring, '^hen pastures are covered w'ith an abundant 
growth of leafy herbage, supplementary feeding should be unneces- 
sary, under conditions of intensive grazing, for animals yielding 
less than five gallons of milk per day. The supplement for higher - 
yielding cows should take the form of starchy foods, such as home- 
grown cereals or maize germ cubes, and not oil cakes, such as cotton 
cake, which has been much favoured in the past for this purpose 
on account of its astringent properties. It may, at some future 
date, be found feasible to utilize intensively-grazed grass in a manner 
similar to that in which winter protein concentrates are employed. 
This would imply restricting grazing to such periods as would 
permit animals to satisfy their requirements for digestible protein, 
their further requirements being supplied in the form of hay and 
starchy concentrates. 

When pastures are closely-grazed at regular intervals (sectional 
grazing), the high protein content and feeding value do not fall off 
to any great extent as the season advances. Under a system of 
close-grazing at monthly intervals, for example, the herbage from 
May onwards contains, on the basis of dry matter, 66 J per cent, of 
starch equivalent, including 13 per cent, of digestible protein. A 
ration of such herbage containing 30 lb. of dry matter furnishes the 
requirements of a 5-gallon cow for starch equivalent and digestible 
protein. Changes in the productivity of the pastures should be 
watched carefully, however. 

Supplementary foods, if the pastures continue to grow satisfac- 
torily should still be given in the form of cereals and cereal 
by-products. Should, however, the pastures become ‘‘ scorched ’’ 
by continued heat and drought, it may be necessary to resort to 
drought-resisting croi)s, such as lucerne, or even to help out the 
brown, scanty herbage wdth such wdnter foods as hay, silage and 
balanced concentrate mixtures. 

Under ordinary conditions of extensive grazing, pastures are 
often left rough and fibrous in the autumn, and this reduces their 
feeding value in the following spring. On such pastures, it is advis- 
able to feed supplementary food, in the form of starchy products, 
to dairy cows yielding more than three gallons of miik per day. 
As the season advances, extensively grazed })astures bec^ome coarse 
and stemmy and of greatly diminished feeding valiu‘. Supplemen- 
tary feeding, during late summer and autumn, may be needed for 
each gallon of milk under such conditions, and the supplement 
should consist of a balanced milk-production mixture. 

Requirements of Horses. — Only scanty information is available, 
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unfortunately, on which to base standards for the rationing of 
horses. A heavy farm horse, weighing about 15 cwt., needs about 
20 lb. of good hay for purposes of maintenance. In addition to 
this allowance of food, it requires a production ration in keeping 
with the amount of work it performs during the day. This additional 
food is given in the form of concentrates, usually fairly rich in 
carbohydrate, since it is this constituent which is most useful for 
furnishing the energy required for muscular activity. The most 
suitable concentrated food for horses is oats, an average oat ration 
for a heavy farm horse being about 12 lb. per day. 

For light work, a heavy farm horse should receive, in addition 
to its maintenance allowance of hay, about 7 lb. of oats per day ; 
for medium work, about 11 lb., and for heavy work, about 16 lb. 
Manifestly, however, it is not easy to define exactly what is meant 
by the terms light, medium and heavy work, but it is possible, by 
careful observation of the condition of fhe animal, to ensure that 
it is being fed correctly. If the animal displays a tendency to lose 
flesh, the oat ration should be increased ; if, on the other hand, it 
tends to become fat, the oats should be reduced accordingly. 

When, for purposes of variety or economy, it is desired to replace 
part of the oat ration by other concentrates, this should be done on 
the following basis : 10 lb. of oats = 7-3 lb. of maize = 9 lb. of 
beans = 8*3 lb. of barley = 12-3 lb. of dried brewer's grains = 13-2 
lb. of bran. 

Requirements of Swine. — Rations for pigs are usually composed 
of a large proportion of cereal, in admixture with middlings and a 
relatively small amount of food rich in protein, the last-named 
being included to make good the deficiency of the cereal in this 
respect. When white fish meal is not employed as the source of 
protein, it is usually necessary to include 2 to 3 per cent, of a suit- 
able mineral mixture in the ration, in order to furnish the consti- 
tuents required for bone formation. The main mineral deficiencie.8 
in the cereals are lime and chloride, but not phosphoric acid and 
potash, so that the essential components of a pig mineral mixture 
are chalk and common salt. It is assumed that the addition of 
minerals is unnecessary when the ration contains 10 per cent, or more 
of fish meal. 

The most valuable and popular cereal for use in pig-feeding is 
barley meal. The latter, when it is desired on the grounds of 
economy, may be replaced in part by such carbohydrate-rich foods 
as maize meal, flaked maize, ground rice, ground oats, crushed wheat, 
cooked potatoes and tapioca flour. White fish meal, the protein- 
rich componefit of the diet, may be replaced by such foods as 
extracted soya bean meal, extracted groimd nut meal, palm kernel 
cake meal, extracted palm kernel meal, coco nut meal, maize gluten 
meal, bean meal, pea meal, dried blood, meat meal and whale meat 
meal. In general, extracted meals are more suitable for pigs than 
oil cake meals, on account of their lower oil content. In all cases, 
with the exception of fish meal, which is rich in lime and phosphoric 
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• acid and also contains a sufficiency of common suit, the use of these 
protein-rich foods for pigs will give good results only if fed in 
conjunction mth minerals. Milk and its liquid by-products are 
valuable foods for pigs, and they can be obtained in dried and 
semi-dried forms, such as dried milk (whole or separated), condensed 
milk (whole or separated), dried or semi-dried buttermilk, whey 
paste and dried whey. The importance of giving pigs a small daily 
allowance of fresh green food, for the purpose of supplying vitamins, 
should be emphasized. 

A pig at birth averages about 2^ Ib. live-weight. In the first 
ten days of life, it increases at the rate of about J lb. per day, and 
very soon the rate increases to about J lb. per day. At 80 to 100 lb. 
live -weight, his rate of growth is about 1 lb. per day, increasing as 
he grows larger to IJ and even 2 lb. per day. A pig which has 
attained a live-weight of 200 lb. at seven months has made an 
average rate of gain of live-weight over the whole period of nearly 
1 lb. per day. 

A suitable ration for suckling ewes and weaners is 55 parts of 
barley meal (or equivalent), 33 parts of middlings and 12 parts of fish 
meal (or equivalent) . This later should be altered to 65 parts barley 
meal, 25 parts middlings and 10 parts fish meal. If the meal is 
mixed with separated milk instead of water, the fish meal may be 
reduced to 5 per cent, and the middlings put up by a similar 
amount. As the pigs grow older, it is advisable to reduce the 
amount of fish meal gradually to about 5 per cent., increasing the 
barley meal, or mixture of barley meal with other cereals, 
accordingly. In the final stages of fattening, fish meal may be 
omitted altogether, a procedure which eliminates risk of taint in 
the carcass, or, alternatively, it may be replaced by extracted soya 
bean meal. 

Pigs intended for the butcher at 18 to 20 weeks, giving a carcass 
weight from 60 to 80 or 100 lb., should be pushed on as rapidly as 
possible, the best method being to keep them fat from birth. Such 
animals may be fed up to the limit of appetite, attention being paid 
to keeping the ration suitably balanced throughout the period of 
feeding. In the case of pigs being reared for the bacon factory, 
at 130 to 160 lb. carcass weight, the feeding should be such as to 


Table XV.-— Data for Computation of Pig Rations. 
{Taken from “ Rations for Live Stock.") 


LJve-weight 

lb. 

Appetite 
lb. meal. 

MalnteDance 
ib. meal. 

Itequirement. 
per lb. live- 
weight gain 
lb. meal. 

Requirement ol 
digextible 
protein 
lb. 

50 

20—2 5 

! 1-5 

0 7 

0 3 

100 

4 0—4 5 

2-9 

10 

0-6 

160 

160 

3-3 

J-.5 

0-6 

200 

6 9 

3-6 

1 2 0 

0-6 

250 

7-5 

3-8 

30 

0-7 

800 

80 

4 1 

3-5 

0-7 
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allow the animals, in the earlier stages, to make rapid grow th with- 
out becoming fat, the necessary fattening being prodriced in the 
month or six weeks preceding slaughter. Table XV. gives all the 
data required for the computation, for pigs at different live -weights, 
of rations designed to produce any desired rate of live-weight gain 
which is within the capacity of the animal. Allowance has been 
made in the maintenance rations for an average amount of muscular 
activity such as is compatible with good management. 

(>) Wood, T. B. “ Animal Nutrition.” University Tutorial Press, Ltd. 

{^) ‘‘ Rations for Live Stock.” Miscellaneous Publication^ No. 32. Ministry 
of Agriculture and Fisheries. 

(*) ” Ensilage.” Bulletin No. 37. Ministry of Agriculture and Fisheries. 

(♦) ” Home-Grown Feeding Stuffs.” Bulletin No. 13. Ministry of Agriculture 
and Fisheries. 

('■) ” Oil Cakes and Extracted Meals.” Bulletin No. 11. Ministry of Agri- 
culture and Fisheries. 

(*) ” The Feeding of Dairy Cows.” Bulletin No. 42. Ministry of Agriculture 
and Fisheries. 

(') Wood, T. B., and Newman, L. F. ” Beef Production in Groat Britain.” 
Silcock and Sons, Ltd. 


CHAPTER XX. 

THE HORSE: BREEDS AND MANAGEMENT. 

In this chapter horses are dealt with strictly from the point of 
view of the farmer, and for this reason it deals mainly with heavy 
draught horses. At the same time a short account of some of the 
lighter breeds is given since these find a place on some farms. 

The horse still remains an animal of considerable importance on 
the farm. The prophecy that for farm work horses would largely 
be replaced by tractors has not been fulfilled. Indeed the tractor 
has come to be recognized as a supplement to the horse rather 
than a substitute. It enables the farmer to push on writh important 
work at critical times, and for this purpose is often extremely 
valuable, but it is only on the larger farms that it may be regarded 
as replacing a definite number of horses. On every farm there is 
much work that can only be economically performed by horses, 
and every farm, even the largest and best sidapted to the use of 
mechanical power, requires a certain complement of horses. 

That mechanical power has largely displaced the horse for road 
transport cannot be denied, but apart altogether from agriculture, 
the horse is still the most economical means of performing certain 
tasks. The horse may be described as a very flexible motor. It 
is capable of exerting tremendous power for a short time, hence 
for moving heavy loads short distances the horse still remains the 
most efficient source of power. Compared with pre-war days the 
demand for horses for town work is very much reduced (apart 
from cobs and horses required for milk floats and other vehicles of 
that kind), and is restricted to the heaviest draught animals. Pro- 
vided the horse is sound and shows a reasonable amount of quality 
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and activity, the price the town buyer is prepared to pay is in 
direct proportion to its size. Unfortunately the price is no higher 
than it was in pre-war days and even at this price the demand is 
limited. It therefore follows that unless this particular type of 
horse is also the type best suited to the requirements of the farmer 
himself, the wisdom of its production is doubtful. 

For ordinary farm work the type of horse most in favour to-day 
is an active, clean-legged one, showing plenty of quality but perhaps 
less weight than formerly. Though weight and size are always 
welcome (and for some land essential), it is maintained that from 
the farmer’s point of view, such points as activity, hardiness, 
endurance, staunchness, longevity, and freedom from such com- 
plaints as “ Grease,” are of far greater importance, and that no 
amount of weight will compensate for their absence. As the 
majority of the heavy horses that are bred to-day begin and end 
their days at purely farm work, it is clear that the claims of the 
farmer should have pride of place in the type of horse which is to 
be produced. 

The ideal heavy draught horse should be large, heavy, and 
powerful. The general impression should be one of massiveness. 
By large is meant from 16 to 18 hands high (the height is measured 
at the withers along a vertical line falling just behind the forelegs, 
and is expressed in hands, one hand being four inches), and weighing 
from 1,700 to 2,000 lb. or even over. When viewed from the front 
or rear, the body should appear broad or thick, and viewed from 
the side should give the impression of depth. If the depth through 
the chest is equal to the length of leg, then the animal will have 
that “ low set ” apj)earance which is so desirable, bringing the weight 
close to the ground, and enabling it to be used to the best advantage. 
The body should be well proportioned and substance should be 
combined with “ quality.” 

Quality is indicated by the character of the bone, tendons, head, 
skin and hair. 

The bone should be flat and smooth, hard and dense, the cannon- 
bone being usually taken as indicating the quality of bone of the 
rest of the skeleton. The joints should be clean and well defined. 

The tendons, particularly those at the back of the cannon-bone 
should be well defined. 

The head, which is taken as an indication of quality in all 
classes of stock, should show ” breediness.” In the heavy draught 
horse it will be larger in |)roportion to the body than in the lighter 
breeds. It should be ” lean ” and cleanly chiselled, with prominent, 
large and expressive eyes, and thin lips. A ” fleshy ” head indicates 
a soft body, and a small eye often indicates a mean and sulky 
disposition. 

The skin should be mellow and elastic to the touch, covered with 
fine lustrous hair, and the “ feather,” which should not be excessive 
in quantity, should be fine and silky. 

The feet of the heavy draught horse are of first importance, 
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hence the saying “ no foot, no horse.” They should be large, uniform 
in size, round and neither thin nor flat. The soles should be concave 
with a well-developed frog, the heels wide, and the slope of the 
hoof parallel with the pastern. The quality of the horn is important ; 
it should be hard, tough and dense, smooth and free from seams 
or cracks. 

The walk of the heavy horse is of prime importance, 
because it is at this gait that most of his work is done. The action 
should be free, that is the stride should be long and powerful, and 
above all straight, the limbs being moved forward in line. The 
trot is secondary to the walk, yet a horse which can trot well is 
generally a good walker. The trot should be strong and regular, 
all the joints being well flexed. 

The disposition should be gentle with an absence of vice, yet 
not dull, slow, or indifferent. With the increasing cost of labour 
and the consequent increasing expense of breaking young horses 
it is a great advantage to have docile animals which may be broken 
and handled with a minimum of expense. 

Breeds. — The breeds of horses recognized in this country are : — 

Shire Percheron Hackney 

Clydesdale Thoroughbred Cleveland 

Suffolk Pony 

The Shire, Clydesdale, Suffolk and Percheron may be classed 
as heavy horses and the Thoroughbred, Hackney, Cleveland and 
Pony as light horses. 

The Shire. — In the closing years of the 18th century, Arthur 
Young, describing his agricultural tour, made reference to the 
large black old English horse, ” the produce principally of the 
Shire counties in the heart of England.” Long previous to this, 
how^ever, the word “ Shire,” in connection with horses, was used 
in the statutes of Henry VII. Under the various names of the 
War Horse, the Great Horse, the Old English Black Horse, and the 
Shire Horse, the breed has for centuries been cultivated in the rich 
fen-lands of Lincolnshire and Cambridgeshire, and in many counties 
to the West. It has been developed from the original horses of 
this country, which were famous as far back as the Roman invasion, 
and improved by the use of stallions imported from the Low 
Countries. 

The Shire is the largest and heaviest breed of horse in the world, 
the stallion commonly attaining a height of 17 hands or more. 
Though the black colour is still met with, bay and brown are now 
more usually seen. The lighter colours such as chestnut, roan and 
grey are not so popular. With his immense size and weight^ — 
1,800 to 2,000 lb. — the Shire combines strength and docility. His 
legs should be as massive as possible so long as the bone is 
clean and flat. The bone should measure not less than 11 in. 
in circumference below the knee and 12 in. or more below the 
hock. 
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A characteristic of the breed is the quantity of hair or “ feather ’ 
carried below the knee and the hock, not merely at the back of the 
legs but also at the sides. Great attention is paid to the character 
of this feather, which is taken as indicating the quality of the bone 
it should be long, fine and silky, not wiry nor woolly, and be fret* 
from any tendency to curl. That this feather gives the animal a 
most attractive appearance in the show ring — emphasizing the 
general massiveness of the horse is indisputable, but the utility of 
such a mass of hair ujxui sticky clay land, particularly in thew^ 
days of expensive labour, is, to say the least of it, doubtful. Thai 
the fetish of feather has been carri^ to excess in the past is reflected 
in the relatively higher prices which farmers are willing to pay for 
the cleaner legged type as compared with those carrying enormous 
quantities of hair. 

‘‘ Keep the lorry in view ” is a well known slogan amongst the 
breeders, and with this motto ever blazoned before their eyes they 
have evolved weight. “ Weight means “ Avoirdupois ” for weight 
moves weight. 

The Shire Horse Society aims to-day at breeding horses which 
when mature approach to the following description : — 

“17 hands high, alert, with head majestically carried on 
muscular, slightly arched neck ; sloping shoulders ; strong, short 
back, with well sprung ribs and long quarters ; girth large, with 
plenty of thoracic accommodation for heart and lungs ; chest broad 
and middle deep ; legs well set under the body, arms and thighs 
long and muscular ; knees flat and deep, hocks broad in front, 
deep behind, strong and clean ; cannon-bones short, strong in 
front of the leg ; clean cut sinews, well defined and flat behind the 
leg ; pasterns strong and sloping but not too long ; feet large, 
solid and deep, with strong quarters, clean coronets, and set straight 
without twist ; hair straight and silky ; movement level all round, 
straight and true with boldness of carriage, soundness in wind, 
limb and eyesight.” (Plate 11., 1). 

Weight pulling competitions have been recently introduced 
into the London Shire Horse Show. Three official tests resulted 
as follows ; — 

A pair of Shire geldings pulled a load of 18 J tons on granite 
setts, 16^ tons on wood blocks, and 6 tons on the tan in the ring. 
The two horses were in tandem formation yoked to a 2i-ton dock 
lorry. 

Clydesdale. — The Clydesdale is the heavy draught breed of 
Scotland. It is somewhat smaller than the Shii'e, the average 
height of stallions being about 16J hands, and is distinctly lighter. 

It is not so well ribbed up as the Shire, nor so deep, the legs being 
considerably longer. It is, however, very active, with straighter 
action, and much less feather, there being only a fringe of fine 
silky hair confined to the back of the leg. (Plate II., 2). 

“ The breed is famous among draught horses for activity ; 
cleanness and soundness of bone ; freedom and general perfection 






CLYDESDALE 


501 


of knee and hock action at the walk and in the trot ; length and 
slope of pastern, size and openness of feet ; gaity of carriage ; 
fineness of skin ; silkiness, straightness and length of feather, 
which is confined to the back of the leg and does not spread to the 
side ; general beauty and symmetry, though there is a tendency 
in some members of the breed to shortness in the back ribs and 
consequent lightness in the barrel ; good sloping shoulders and short 
muscular loins and back. 

In action the hocks should move closely together, and the 
hind toes turn slightly outwards, but not sufficiently to throw 
out the stifle joint. Wideness at the hocks, more common with 
stallions than mares, implies weakness of the loins, and tends to 
grow worse with age. The joints of the limbs should be large 
and clear, and the large round feet substantial, smooth, shortened 
at the toes, and well arched below without any trace of thinness 
or flatness.” 

Suffolk. — Whilst the Shire and the Clydesdale present many 
points in common, the Suffolk is quite distinct from either. At 
the present day it approaches the Shire or Clydesdale in height, 
but is distinguished by its chestnut colour and an absence of feather 
on the leg. (Plate II., 3.) 

Short legs without hair, and deep thick body, coupled with 
the wonderful natural condition which the horse always carries, 
give rise to its popular name of ” Suffolk Punch.” To those accus- 
tomed to other breeds the Suffolk looks too heavy for its legs, but 
actual measurement shows that it is in no way deficient in bone. 

In the Great War, the Suffolk won golden opinions for its 
staunchness in the collar and for its ability to thrive under the 
worst conditions. The reputation there won, combined with the 
modern demand for clean -legged cart horses, has been reflected by 
a greatly increased interest in the breed. 

The breed is justly famous for its hardiness, longevity, docility, 
gameness, and willingness to work. These valuable characteristics 
combined with handiness and quickness in turning, make the Suffolk 
an ideal agricultural horse. At the dead pull the horse has no 
equal, and it was formerly the custom to have ” draw' matches ” 
associated with local shows. 

In the past the Suffolk has not been popular with town buyers 
owing to defective feet ; these were inclined to be pinched at the 
heels, and gained slope at the expense of being shallow over the 
bars. Moreover the horn itself was of poor quality. Much atten- 
tion has been paid to the feet in recent years with good results, 
and there is now quite a keen demand for geldings of the breed 
for town work. 

The Perchebon. — This breed of heavy draught horse is a 
native of France, and is a comparative new-comer into this country, 
where its merits are rapidly being recognized. During the Great 
War, thousands of pure-bred and half-bred Percherons were purchased 
from Canada and America (where the Percherons outnumber all 
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other heavy breeds) for Array Transport work. They were so 
markedJy successful that attention was drawn to their /^at vaJue 
/or the agricultural industry in this country, where clean legged 
cart horses were rapidly coming into favour. This led to the 
formation of the British Percheron Horse Society in 1918 and the 
importation of specially selected pure- bred mares and stallions from 
the La Perche district of France. (Plate II., 4). 

The Percheron is one of the most active of draught breeds and 
compares with the Suffolk for hardiness, longevity, and thriftiness. 
The colour should be grey or black, though bays and chestnuts 
occur. It is medium in size, though many individuals attain great 
scale, and the tendency in this country is to breed the heaviest 
tjrpe. The head is breedy in character, and the prominent eyes 
and sometimes dished face suggest Arab blood, which was, in fact, 
introduced many years ago. The neck is long and powerful, the 
back broad and well carried. The croup though wide is often 
steep, and this to English eyes, gives the horse an odd and unpleasing 
appearance. Unfortunately, too, the steep croup is often associated 
with a “ crooked ” hind leg. The legs are strong of bone and 
free from hair, and the feet are of excellent size and texture. 

Though it is not difficult to criticize the Percheron horse, the 
fact remains that it can justly claim to be the heavy draught 
horse of the world, and this in spite of the fact that such countries 
as America and Canada started with a prejudice in favour of some 
of our English breeds. The Percheron must have won his present 
position on his merits alone, a fact which should give British heavy 
horse breeders food for thought. A valuable export trade of 
Percheron stallions exists from France to the United States and 
Canada and in addition South America, Africa, Australia, and 
Japan are all buying Percherons. 

In the hands of Englishmen, who as a race have always been 
famous as breeders and horse -masters, it would seem that the breed 
has great possibilities and part at least of the export market may 
be captured. 

Thoroughbred. — The Thoroughbred is of interest to the 
farmer mainly as providing the material for the breeding of Hunters. 
Oil no breed of animal has greater thought, care, or money been 
bestowed. It has been bred without admixture of alien blood for 
over 150 years. The improvement has been great in the special 
direction and for the special purpose for which the race-horse is 
kept. Two distinguishing qualities of the British Thoroughbred 
are, great speed with a light weight over a short distance, and 
early maturity. For these results the modern short distance race 
and the racing of two-year-olds are responsible. 

A scheme of Service Premiums for Thoroughbred stallions to 
serve the mares of farmers is maintained by the War Office, in 
order that a supply of horses suitable for cavalry remounts may 
be obtained. Sixty King’s Premiums are annually awarded, with 
twelve super Premiums for stallions of exceptional merit. These 
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stallions are available at nominal fees and are used by many farmers 
to suitable rnares with a view to breeding hunters. 

A thoroughbred stallion should be about 16 hands in height, 
with oblique shoulders, fine withers, a long muscular neck joining 
on to deep shoulders, a lean masculine head (broad between the 
‘ es, with the latter well develoj)ed), short and deep back, barrel 
. M ribbed up, and well sprung ribs ; with muscular quarters and 

hs, fiat cannon-bone (which should l>e short) and well formed 
Jig knees and hocks. The feet should be open at the heels and not 
too large. The pasterns should not be too long or too straight. 
(Plate III. 1). 

The Hunter is a type of horse rather than a breed. Some 
are pure thoroughbreds, others are the progeny of thoroughbred 
stallions mated with suitable mares, e.f/., Cleveland Bays. A 
considerable pro[)ortion of thoroughbred blood in the dam, however, 
is desirable, and gives a larger proportion of offspring suited to 
hunting. 

The most valuable hunter is a horse which is up to weight, 
half-a-dozen goo<l light-weight hunters being produced for every 
heavv-weight. He mu.st po.s.sess exceptional powers of endurance, 
speed and jumping, good manners and good looks. Such a horse, 
if sound, is at six years old a very valuable animal. Indeed these 
heavy-weight huntfTS were never more expensive, nor more difficult 
to find than they are to-day. That the high price and keen demand 
has not increasiMi the 8up|)ly is accounted for by the fact tb.at the 
outlet for the “ misfit ” hunbTs (i.e., horses bred with a view to 
their iHung hunters, but which fail in some resj)ect), is very limited. 
Before the days of motor (‘ars these misfits w(*re readily saleable 
for tradesmens’ carts, carriages, eU*. To-day the only outlet is 
the Army K<*mount Department, which requires but a limited 
numlxir annually. 

Whether hunter bn^eding is profitable for a farmer depends 
first of all on whether or not he lives in a hunting country and is a 
sutheiently capalde hor.seman himself to be able to “ make ” young 
hunters. It is only for the finished article that the high price 
can he made. It also depends on what work is available for the 
mare. Wlien* a single brood mare may be a profitable side line, 
half-a-dozen may prove unrernunerative. 

The ('lev eland BAY.---This breed may be descril>ed as a 
general utility horse and comes midway between the heavy and 
light breeds. It is the oldest ty]X^ of clean-legged farm horse and 
has exisU'd in the North and East Ridings of Yorkshire for more 
than 200 }’ears. There is no better base or foundation for crossing 
to obtain Imnters, cavalry horses, and harness horses. The 
favourite cross is with the Thoroiiglihred stallion, and it is the only 
breed whicdi can bo crossed with “ blood ” and give added bone, 
strength, stamina and action, without at the same time seriously 
detracting from appearance, quality, and activity. Owing to the 
prepotency of the pure- bred Cleveland the stallions have been 
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extensively used in the Dominions and in North and South America. 
(Plate III., 3). 

Hackney. — The breeding of Hackneys was once extensively 
pursued in the counties of Norfolk, Cambridge, Huntingdon, 
Lincoln and York. Originally the Hackney was a ride and drive 
horse. The pure-bred Hackney was mainly descended from a 
stallion foaled about 1755 and variously known as the Schales, 
Shields or Shales horse. The advent of the motor car, however, 
sounded the death knell of this once famous breed. No Hackneys 
are now bred for commercial purposes and the few that survive 
are bred purely for the show ring. These are shown as harness 
horses and the aim is an animal of extravagant action, quite 
unsuited for commercial purposes. Plate III.. 2). 

Pony. — The native breeds of pony include ; — 

Dales Exmoor Shetland 

Fell New Forest Hif?hland 

Dartmoor Welsh 

Ponies range in height from 14 hands down to 8^ hands. 

The various breeds mentioned above, differ considerably in 
size and appearance, but have certain characteristics in common 
and are probably of common origin, their distinctive features being 
the result of different conditions of environment and the varying 
nature of the work required of them. The rough conditions under 
which they have been bred for so many generations luis resulted 
in the survival only of the fittest, hence all ponies are extremely 
hardy, are able to withstand severe climatic conditions, and to 
thrive on inferior food. In addition, they are amazingly strong 
for their size, active and sure footed. 

Ponies are still required for certain classes of work though the 
demand is limited. 

The Feeding and Management of Workinc; Horses. — The 
farmer may regard his horses in one of two ways. He may regard 
them simply as a means of performing certain tasks, in which case 
his object is to get these tasks performed in thc' cheapest way 
possible, or he may regard his horses, not only as a m('.ans of per- 
forming certain work, but also as a definite profit-earning department 
of iiis farm. Whichever view he takes he may set about- achieving 
his object in a variety of ways. Thus in the first {)lace the usual 
plan is to keep a regular team of working horses of all ages, making 
good the wastage which is continually going on through age, 
accident, and disease, either by purchasing young horses, or breeding 
a sufficient number of foals each year to mt^et the farm’s require- 
ments. In this way the buying and selling of horses is reduced 
to a minimum and every horstj is retained in the te^am for the 
maximum period. 

Some farmers, and particularly those with little capital available, 
will take the view that only old or unsound horses should be used 
for land work. Horses which, while quite unfit for road work, 
will work well on the land, may be purchased at very low prices. 
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In this way the capital locked up in working horses is reduced to 
a minimum, and though the wastage is bound to be high in such 
a team, yet it is possible that under certain circumstances a farmer 
may legitimately adopt this policy. 

The farmer who has a taste for horses, and is a good judge of 
horseflesh (and in spite of popular ideas to the contrary, such a 
man is exceptional) may de^itely manage his horses with the idea 
of turning his knowledge to profit. Such a man may, if he has a 
taste for the business, actually deal in horses. In this case he 
needs to be a good judge of a horse “ in the rough ” (a very different 
thing from judging a horse as presented in a show ring). Such a 
man will be continually buying and selling and no horse will remain 
in his teams for very long. 

The horse that is in demand to-day, and that will command the 
highest price, is a five or six year old gelding, standing 17 hands 
high, weighing as near a ton as possible, sound, active, showing 
plenty of quality, and with not too much hair on his legs. This 
then is the animal which the farmer who is trying to manage his 
horses as a source of profit should aim to produce. He may produce 
it by breeding for himself, or by buying foals, yearlings, or two- 
year-olds. These animals he breaks and works in his team until 
they are of town age, when they are sold, and their places taken by 
the youngsters which are coming on. 

The Feeding and Management of the Mature Horse 
must be determined strictly in accordance with the objects for which 
he is kept. Whether used for riding or driving, for purposes of 
draught, in towns, or on farms, the horse is a working animal. 
Con.sequently the horse requires a liberal supply of digestible 
carbohydrates in his diet. It is generally accepted that work is 
done at the expense of the non-nitrogenous constituents of the 
body — the carbohydrates and fats — which, as they are exhaust^, 
are replaced by the carbohydrates and fats of the diet, and that 
protein is only decomposed for the production of energy for muscular 
work when carbohydrates and fats are not available. 

The basis of a winter ration for a farm horse doing medium 
work may be taken as — 

Oats 12 lb. per day — 84 lb. (2 bushels) per week. 

Hay 16 lb. per day — 112 lb. (1 cwt.) per week. 

In practice a certain amount of the hay is frequently displaced 
by straw, which is usually fed as chaff, and in some of the northern 
counties the farm horses are fed on oat straw and oats alone, without 
the addition of hay. Oat straw grown in these localities (generally 
particular varieties suitable for their climatic conditions), is, 
however, of far higher nutritive value than the oat straw produced 
in the south and east of England. 

For horses doing fast work, e.g., hunters, oats are essential, 
but for horses doing slow heavy work they can often be economically 
displaced by other forms of concentrated food, such as a mixture 
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of maize meal, bran, and beans. The quantity of corn given 
at any season should be regulated by the amount of work to 
be performed, and every increase in work should be met with an 
increase in the quantity of corn. The converse is not less important, 
for nothing is calculated to cause trouble more quickly than to 
feed a full corn ration to an idle horse. Spring and autumn are 
two busy periods, and farm horses, as a rule; should receive a more 
liberal ration at these times. Thus the oats might be increased 
from 12 to 14 lb. per day, with 2 lb. of split beans in addition. This 
is to be preferred to making the increase sinifdy in the form of 
additional oats. 

A horse has not the capacious stomach of an ox, neither has it 
the power of ruminating its food. For these reasons it is necessary 
that horses should have their food in a more concentrated form. 
All corn is best given crushed or bruised along witli hay or straw 
chaff, so as to prevent bolting and to ensure mastication. A horse 
should not be groomed while he is feeding. A moderate allowance 
of roots or other green foods as they come in season, should be given. 
A lump of rock salt should always be kept either in the manger or 
in some other convenient place where the animals may have access 
to it. Regularity of feeding should be ])racti.sed, moderate meals 
at fairly short intervals being, on account of the nature and duties 
of the horse, preferable to heavier meals at longer intervals. An 
abundant supply of pure water should always bo available. 

The stable should be commodious, freely ventilated, light, well 
drained and free from draughts. It is important that stable 
drains should be on the surface, and should empty into traps 
outside the stable. Horses incur more risk of ill healtli in badly 
constructed stables than they do in the field. In the east of 
England it is the custom to keep the horses in serai -covered straw 
yards at night, the stable being used only for feeding the concen- 
trated part of the ration, for grooming, and for putting the harness 
on the horses. Under this system rnucli labour is economised, 
and the horses thi’ive well, suffer less from colds and chills than 
they do if they are left in the stable all night. 

During the summer months horses may be turned out to grass 
at night, or they may be kept in straw yards and cut grc:en stuff 
carted to them. If the horses are doing a lot of heavy work, such 
as on the binder, the latter is to be preferred, but when horse 
work is slack, as is often the case during ccuisiderable periods of 
the summer, it is probably more economical to turn the horses out 
to grass. Unfortunately the horse is a tlioroughly bad grazer, the 
dung being always dropjxid on selected spots in the field, the 
coarse herbage resulting being discarded. This gives rise to the 
characteristic patchy appearance of pastures grazed entirely by 
horses, and pastures should not therefore be stocked by horses 
exclusively. During the summer the corn ration may be reduced. 

Cost of Horse Labour. — As the basis of all charges for tillage 
operations depends on the cost of horse labour it will be worth whUe 
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to make an estimate of the actual cost to the farmer of keeping a 
working horse for a year. 

The question of feeding must first of all be considered, and it 
will be found that the rations suggested below approximate very 
closely to those used on many well managed farms throughout 


the country. 

Cost of Feeding. 

Winter — say 32 weeks, October — May. 

8. d. 

2 bushels of oats per week at 3«. . ... ... ... ... 7 0 

1 cwt. of hay per week at 3^. ... ... ... ... ... 3 0 

1 cwt. of strayr per week at Itf. (for chaff and litter) ... ... 1 0 

Extras (linseed, bran, and a few roots) ... 0 6 


Cost of feeding for 1 week in winter ... ... ... ... 11 6 

Hence cost of feeding for 32 winter weeks ... ... £18 8 0 

Summer — say 20 weeks. May — September. 

8. d. 

1 bushel of oats at 3«. 9d. ... ... ... ... ... 3 9 

Grazing at 2 j¥. 6d. ... ... ... ... ... ... 2 6 

Cut foddtT, say ... ... ... ... ... ... ... 1 6 

Cost of feeding for 1 week in summer ... ... ... 7 9 

Henee cost of feeding for 20 summer weeks ... ... £7 15 0 

Total cost of food for 12 months ... ... ... £26 3 0 


The other items connected with keeping a farm horse may be 
estimated as follows : — 

Cost of KEinnNo k Farm Horse for a Year. 


£ 8. d. 

Food 26 3 0 

Shoeing and stable requLsites ... ... ... ... 2 15 0 

Defjreeiation and repairs to harness ... ... ... 2 60 

Depreciation on value of horses, 10 per cent on £40 ... 4 0 0 

Labour ... ... ... ... ... ... ... 410 0 

Incidentals, including Veterinary attendance, and 

medicine, say ... ... ... ... ... ... 0 16 0 


£40 8 0 

In making the above estimate nothing has been allowed for 
depreciation and repairs to the farm implements, an item which 
is generally included when estimating the cost of horse labour. 
This item is frequently a very heavy one and may easily amount 
to from £8 to £10 jx^r horse. 

If we include this item we may say that a farm horse costs 
roughly £50 a year. 

According to the class of soil, the type of cultivation practised, 
and the particular weather in any given season, the total number 
of days upon which the horse will work will vary from 180 to 220. 
Taking the average as 200 it appears that at the prices quoted above 
the cost of horse labour would be 55. per day. 

The amount allowed for depreciation on the original vEilue of 
the horse in the above calculation may in some cases appear too 
high. Where the team is managed on some of the lines already 
indicated depreciation may be converted into appreciation, in 
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which case the cost of horse labour to the farmer is considerably 
reduced. 

Heavy Horse Breeding. — With an ample supply of cheap horaes 
there is little incentive for the farmer to breed. There are indica- 
tions, however, that the present state of things will not continue 
indefinitely, for the number of horses that have been bred in the 
last few years, as indicated by the returns of the Ministry of Agri- 
culture, is insufficient to replace the normal wastage in agricultural 
horses alone, without counting the large number that is still used 
for town work. Unless more horses are bred it seems likely that 
horses for purely farm work will become dearer, in which case heavy 
horse breeding should once again be a profitable side line. 

Selection of Stallion. — The stallion should be big and 
massive, about 17 hands high, with big knees and hocks and the 
best of feet. He must be a good walker and able to trot with 
dash. A horse that goes wide in the hocks, or throws his fore 
legs about should be avoided. He must, of course, be sound, and 
made like a weight-carrying hunter. A stallion with good limbs, 
though lacking in the barrel, is much to be preferred to a big bodied 
horse with round defective limbs and moderate feet. It usually 
pays to use the best stallion available even if he does cost an extra 
guinea. At two years old a stallion may be used to serve a few 
mares, though at this age they are uncertain stock getters. A 
stallion which fails to leave foals at this age may be perfectly 
satisfactory as a three -year-old. 

Selection of Mare. — One good brood marc is more profitable 
than a number of ordinary ones. She should be long, low, and 
wide, sound and free from grease. Tall “ split up mares are 
not good brood mares, neither are light-ribbed “ pretty ” mares. 

There is little to be gained by starting the season too early ; 
few mares get in foal before May. A mare which has foaled is 
more likely to stand to service on the ninth day after foaling than 
at any other time. A mare comes in season at three -weekly 
intervals during the spring and summer, and will remain on heat 
5, 7 or even 10 days. Fillies which are well grown may safely l>e 
mated at two years of age provided they are well done and are not 
worked during pregnancy. It is preferable, however, to wait until 
they are three. 

Up to the fifth or sixth month of pregnancy no differentiation 
is made in the treatment of an in-foal mare. Subsequently she will 
be put in charge of a careful man when at work and will be worked 
only in chains. She may be worked regularly with advantage 
up to the time she is due to foal. Her food will be improved, hay 
being substituted for straw in her ration, and her allowance of oats 
and bran slightly increased. At the same time it is a great mistake 
to allow the mare to become too fat. Mares regulftirly worked 
rarely have much trouble in foaling, whereas the risk with fat and 
idle mares is considerable. The gestation period is about 340 days. 
The fecundity of horses is rather low. If calculated over a period 



MANAGEMENT OF FOALS 


509 


of years not more than sixty per cent, of served mares prove in 
foal. 

Mares should be foaled down in a clean and well disinfected 
loose box. The bowels should be kept well open by feeding sloppy 
foods. Immediately after birth the naval cord of the foal should 
be tied up and disinfected. This disinfection should be repeated 
until the naval has dried up. A great cause of mortality in foals 
is constipation soon after birth. The symptoms are switching of the 
tail, straddling and general uneasiness. The rectum should be 
cleaned and a soap and water enema injected. A wineglass full 
of castor oil should also be administered. 

The mare and foal are turned out to grass as soon as the weather 
is suitable, and the foal continues to suckle for four, five, or six 
months. Towards the end of this period some crushed oats and 
bran are fed to the mare for a couple of weeks before the foal is 
weaned. In this way the foal learns to eat the corn. When the 
foal is weaned it should be pastured in a field not previously grazed 
that season by horses, or better, given the run of a new seeds ley. 
Here it will receive about 4 lb. a day of a mixture of crushed oats 
and bran in equal parts. 

A foal will thrive best in company with other foals. It should 
be accustomed to the halter before it is weaned, and if led every 
day for a week in early life will never afterwards forget it. In 
this way breaking- in is facilitated. 

It is during their first winter that horses are made or marred. 
If starved at this period they will never make the animals they 
would otherwise have done. On the other hand if well done in 
the first winter they may subsequently be treated rather roughly 
without suffering permanent damage. 

In winter the young animals are sometimes housed, but have 
access to large airy yards, as exercise is absolutely essential to their 
healthy development. Most breeders, however, prefer to let the 
foal run out all winter in some sheltered paddock, with open sheds 
available for bad weather, and for feeding. Regular feeding 
with oats, beans, bran, and plenty of good hay during the first 
winter is essential. During this time, particularly if the animals 
are in yards, their feet should be watched and kept pared into 
shape. The colts are as a rule castrated at 12 months old. 

The following summer the young colts will spend at grass. It is 
undesirable that they should be allowed to get too fat, consequently 
second-class pasture, well watered, and free from pitfalls, is indicated. 
From now onwards they are little trouble and will spend the rest 
of their time on the pastures, helped with hay during the winter, 
until wanted for work. 

Breakino-in to Work. — At the age of two or three years, 
the age depending upon the tyy)e of soil on which the farm is 
situated and the forwardness or otherwise of the young horses, 
the colts will be broken to regular farm work. They are very 
little trouble as a rule, particularly if they have been taught to 
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lead as foals. In the first place they are harnessed to a log of wood 
and allowed to drag it about. 

Within a few days they may be put in the plough between 
two steady old horses. Young horses should not be overworked ; 
half a day at a time at first is quite sufficient, nor is it wise to do 
much carting with a young horse or to work it on hard roads until 
it is between four and five years of age. 


CHArTEK XXI. 

CATTLE : BRKJ-:DS, TYPES, MANAGEMENT AND BREEDING. 

The various breeds of cattle may be classified either as beef, dual- 
purpose or dairy breeds. 

The function of the beef type is the production of beef animals 
pure and simple. The cow is expected to produce a calf each year, 
usually in the early spring. While being pastured during the summer 
on moderate grassland, she is expected to provide sufficient milk to 
rear the calf well, so that in the autumn, when it will be weaned, 
the farmer may be left with a first-class young feeding beast. The 
cow miist, in addition, be hardy and able to maintain herself 
cheaply. The total output per cow being comparatively small, 
t.c., one weaned calf per annum, it follows that if a profit is to be 
made the total cost of maintaining the cow for a year must be 
correspondingly low. 

It is impossible that the greatest degree of excellence in both 
beef and milk production should be combined in one animal, but 
several British breeds combine the two characters to some extent. 
This type of dual-purpose animal is pecubar to this country and has 
been evolved as one which suits our particular conditions. The ideal 
dual-purpose type of cow is one that wall give a good account of 
herself at the pail, i.e., 800 to 1,000 gallons per annum at maturity, 
whose bull calves may be profitably reared to make either first-class 
beeflings or good mature beef, and who, when her milking days are 
over, will herself readily put on flesh and make a first-class carcass 
of cow beef. Such a cow must, in addition, be a regular breeder, 
and her heifer calves should be capable of reproducing her own 
performance. 

The dairy breeds are milk producers only. The high yields of milk 
obtained at the present day demand not only a first-class milker 
but an animal of good constitution and large capacity for feed. 
The bull calves from this type of animal are not as a rule profitable 
to rear and are best dealt with as veal. The cows, being naturally 
thin-fleshed and of dairy conformation, do not themselves feed 
into good carcasses. If we take into consideration the great wastage 
that undoubtedly occurs among these very deep milking cattle, 
it will be seen that their low value as beef is a point of considerable 
importance. The pure dairy and beef breeds may, however, be 
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relied upon to breed true to type with far greater certainty than is 
the case with the dual-purpose breeds. 

It is not easy in all cases to classify the breeds exactly as belonging 
to one of the three types mentioned above as different strains of 
the same breed may vary. 

The following classification is, however, usually accepted : — 
Beef Cattle. 

Shorthorn Sussex 

Hereford West Highland 

Aberdeen Angus Galloway 

Devon Lincoln Red Shorthorn (some strains) 

Red Poll (some strains) 

Dual Purpose Cattle. 

Dairy Shorthorn Lincoln Red Shorthorn 

Red Poll South Devon 

Welsh Black Dexter 


Dairy Cattle. 

Ayrshire Jersey 

Guernsey British Friesian 

Kerry 

BEEF CATTLE. 


The Shorthorn. — This is the most widely distributed of all 
breeds of cattle both at home and abroad. Cattle of Shorthorn type 
dominate the markets in the United Kingdom with but few excep- 
tions. Its origin is lost in antiquity but it wets brought into 
prominence during the last quarter of the 18th century by the 
exertions of the brothers Charles and Robert Colling, of Barnston, 
near Darlington. These two young men, at the instigation of their 
friend Culley who had been a pupil of the famous Bakewell, 
visited him in the year 1783 in order to study his methods. 
Bakewell’s improved Leicester sheep was then becoming famous, 
and he had started to work on similar lines with Longhorn cattle. 
It was in fact to distinguish the cattle from this breed that the 
name Shorthorn arose. The brothers Colling returned home with 
the determination to apply Bakewell’s methods of improvement to 
the cattle of their home district, the Teeswater district of the 
county of Durham, and the cattle evolved from this foundation 
stock are still termed Durhams in many parts of the world. 

The cattle with which the brothers Colling started to breed were 
large, coarse, flat-sided and leggy. They were covered with scanty, 
coarse hair and were thin- fleshed, but the cows when dried off had 
the power of putting on flesh in the form of large quantities of patchy 
fat. They were slow growing cattle of all colours, not excluding 
black, and the cows were good milkers. In origin, the Shorthorns 
were undoubtedly dual-purpose in character. 

Collings’ work resulted in an animal of moderate size, 
symmetrical, and early maturing, with well-sprung ribs, short legs 
and good thick hide covered mth thick, mossy hair. The cattle 
were thick-fleshed but there still remained a distinct tendency 
to\\ ard8 patchiness. As regards dairy qualities it is probable that 
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these had been impaired, the greatest advance having been in the 
direction of early maturity. 

The method of breeding employed was BakewelUs policy of 
rigorous selection and very close in>and-in breeding to fix the 
desired type. As an example of this method the pedigree of the 
famous bull Comet may be cited. Comet was sold in the year 1810 
by Charles Colling, then in the height of his fame, for the previously 
unheard of sum of 1,000 guineas. His breeding was as follows : — 
The bull Bolingbroke and the cow Phoenix (half-brother and 
half-sister, both being by Poljambe) were mated together and 
produced the bull Favorite. Favorite was mated to his own dam 
Phoenix and produced a heifer Young Phoenix. Favorite and 
Young Phoenix were mated and produced Comet. 

Foljambe Foljambe 


Foljambe Phoenix Bolingbroke Foljambe Foljambe 

11 lilt! 


Phoenix Favorite 


Youn^ Phoenix 


I 

Comet 

The pedigree has been summed up ; — by Favorite, dam by 

Favorite out of Favorite’s dam. 

The Col lings were followed by other shrewd breeders who 
established famous strains and families : of such breeders the best 
known are Thomas Booth of Warlaby and Killerby in Yorkshire, 
who originated the “ Booth ” strains of Shorthorns ; Thomas Bates 
of Kirklevington in Yorkshire, by whom the “ Bates ” families were 
established. Booth concentrated on a beef type, while Bates’ cattle 
were dual-purpose, and these characteristics of the two strains, 
in the main, still hold good to-day. In later years came Amos 
Cruikshank of Sittyton, Aberdeenshire, the originator of the famous 
Scotch families of beef Shorthorns. 

The popularity of the Shorthorn arises from its unrivalled range 
of adaptability, thriving as it does in most countries and climates. 
It is famous for its great prepotency, t.e., the power of transmitting 
to others its own good qualities, and it is famous for improving and 
grading up “ native ” or scrub cattle of all kinds. For crossing 
purposes, therefore, the breed is unrivalled. The use of Shorthorn 
bulls on native cattle has been followed by improvement in size, 
form, quality, rapidity of growd,h, and aptitude to fatten at an 
early age. 


Phoenix 


Bolingbroke 


Favorite 
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At the present time there are two very distinct types of Short- 
horn, though both tyj>e8 are of common origin and both are included 
in the same herd book. One type, the dairy Shorthorn, is a dual- 
purpose animal which will be dealt with under that heading, and the 
other the beef Shorthorn, sometimes called the Scotch Shorthorn. 
This is a beef breed pure and simple, and one of the few criticisms 
that may be levelled against it as such is that in some strains 
the cows are such poor milkers that they hardly give enough milk to 
rear their own calves. 

Red, white and roan are the characteristic colours of the breed, 
which is distinguished by its symmetrical proportions and by its 
great bulk on a comparatively small frame. The head of the male 
is somewhat short, broad across the forehead, but gradually tapering 
to the nose ; it should show strength and masculine character ; 
the nostril full and prominent ; the muzzle, palate and lips flesh- 
coloured, with a complete absence of pigmentation. The horns 
should be short, flattened laterally, waxy in texture, slightly 
curved in a forward direction, blunt and free from black at the tips. 
The head is well set into a broad muscular neck, the chest wide, 
deep and projecting ; forelegs short and wide apart, body round, 
deep and well ribbed up towards the loin and hips which should be 
wide and level ; back straight from the shoulders to the setting of 
the tail ; the hind quarters lengthy, but well filled up ; the hair 
plentiful, soft and mossy, with a Mde not too thin, and having a 
fine and mellow touch. (Plate IV., 1 and 2.) 

The Hereford. — The cattle of this breed are typical of Here- 
fordshire and the adjoining counties. They are essentially a grass 
beef breed, being good grazers and fattening readily on grass alone, 
even on pastures which are not quite first-class. Their long horns 
do not make them popular for fattening in yards, though polled 
Herefords sell readily for this purpose. 

Hereford cattle are bred and reared under natural conditions, 
the cows running out in the pastures all the year round, receiving 
hay and straw during severe weather and at calving time. Many 
bree^ders even allow them to calve down in the open. The result of 
this treatment is that the breed is practically free from tuberculosis. 
The cows are good mothers, rearing their calves well. “ Herefords 
have proved themselves to be one of the best breeds for ranching 
purposes. In countries where droughts are prevalent, water and 
fodder short and difficult to obtain, and where long distances have 
to be covered, Herefords will often thrive where other cattle die.” 

They are rather deceptive in appearance, looking bigger and 
heavier than they really are, and this has earned for them the 
nickname among butchers of “ the white-faced robber.” Grass-fed 
Herefords are in great favour on the London markets. The hide is 
heavy and of first-class quality, being particularly thick anvd 
elastic. (Plate IV., 3.) 

The Aberdeen Angus. — This black, hornless breed is native 
to the north-eastern counties of Scotland, where it can be traced 
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back as early as the first quarter of the 16th century. At the present 
time it is found in almost every Scotch county aiui there are also 
many herds in England and Ireland. Outstanding names as 
improve^rs of the breed are those of Hugh Watson. Keiller, Forfar- 
shire (1808-60), William McCombie, of Tillyliur, and Sir G. M. Grant, 
Bart., of Ballindalloch, Banffshire. 

As a carcass of beef the Aberdeen Angii.s is very nearly perfect. 
The finivshed beast is remarkably blocky, very 1('V(‘I Heshed, and is a 
solid mass of firm meat. The projiortion of de ad to live weight is 
unusually high and this breed liolds the record with a yield of 
76| per cent. The bone is light and t he canvass is particularly good 
in the high proymrtion of its fiist-ajiiality joints. The breed is 
early maturing and produced the lirst 1 wo-ya'ar-old (‘harnpioii at 
the Smithfudd Fat Show. The only drawback tf> the.se cattle is the 
fact that they an' ineliic'd to Ix^ ratle r wild, particularly if not 
treated quit'tly. 

The bulls of the lareed are ( Xtensivu'ly used for (;ro.ssing for the 
production of quick maturing high-class st ('(‘rs. tliough wlien mated 
to thin-tleshed dairy ty]H‘ cows the result is oftcui disappointing. 
Th(' calves art' ratlier small at birth, and art' slow growers for the 
first six months. {Plat(‘ W'., 1.) 

Tue J)p:v():n. -TIk' Devon or North l)(‘\()n as it is frequently 
called to distinguish it from the Soutli Dovon, is anotlier beef breed 
of the highest, (yualily. Tin* eat lb' of this brix'd an' rathi'r small in 
size and a rich rul»y red in colour. Tje'v are eharact eri/t'd by their 
extreme neatnt'ss, fineness (d boiK', and eveniu'ss of Ih'shing. For 
its size tlie animal is remarkably thiek-llt'shed and is very popular 
witli biitehcrs in markets wlien^ it. is knr>wn in s})ite of its high 
quality as a ])eef breed, hut few lu'ids an' kept t'xelusi\a'ly for Ix'ef 
fu’oduetion, a ta'rtain amount of milk being d^a.^\'n during t Jie spi’ing 
and summt'r, from which is made the famous Dt'vonshire clotted 
cream . 

'Die Devon turns to the best advuintage the sliort sweet pastures 
of its native county, and fattens readily on yiasturi's whicli would 
not be suitable for larger cattle. (Idate V., \ .) 

Sussex. — This breed of medium to larg(' beef cattle were. 
100 yeans ago, essentially a draught breed, ft takes its name from 
its native county, and is still in great favour on the WValden clays 
and llie marshlands of Sussex, Kent and ISurri'y. It is out' of the 
hardiest breeds, able to thrive and do well under the most unfavour- 
able eircumstanecs as re'gards food, soil and climate. It will keej) 
itself as a gof'd store on tlie poorest pasturi'. As a grazm- it is 
remarkable for the fact tliat, unlike most cattle, il does not pick and 
choose, blit will graze right through a pasture, from oiu' siile to the 
other, taking the rough with the smooth. 

Sussex eattk^ are good as regards early maturity and particularly 
good if well done, making first-class b^etlings. Wlien well finished 
they make excellent beef. The cattle being very hardy, the cows 
are frequently left out all the y(‘ar round. It is claimed that three 
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acres of poor Weaklon clay pasture will provide food for one cow for 
12 months. The calves are dropped in the spring, and run at pasture 
during the summer with their mothers, being weaned in the autumn. 
(Plate V., 2.) 

West Highland. “ It is thought by many that this picturesque 
breed is an aboriginal one, but whether this be so or not, it is certain 
that no cattle in the United Kingdom have retained in greater 
uniformity their characteristic breed points than the Highlanders 
have done. This seems to point to the conclusion that there has 
been little change in the character of this class of cattle, except that 
produced by a more careful system of breeding. The outstanding 
characteristic of th(i breed is its hardiness. Their wonderful 
constitutions enable them to stand exposure to cold and wet and to 
exist on pasture where other softer kinds would starve. 

“ The attempts to improve the West Highland by the intro- 
duction of alien blood have failed. The severity of the climate and 
the extreme poorness of the food in its native districts preclude 
early maturity and great size, and blending Tidth other breeds could 
only result in loss of hardiness without increasing the symmetry of 
form and quality (»f beef.” (Plate V., 3.) 

Gaij.oway. — Th(' Galloway is another very hardy beef breed, 
in fact it is only sur[)assod in this by the West Highland cattle. 
A large number Qf Galloways are wintered in tlie open in Scotland 
and in the North of England. As a carcass of beef it is remarkable 
for its liigh proi)ortion of lean meat of excellent quality. It does 
not grow very quickly nor mature very early, but for a beef breed 
it is a g(K)d milker. 

Galloways are highly valued for crossing purposi'S ; the cows are 
frequently mated with wliite, beef Shorthorn bulls, the re.sult being 
the famous polled ” Dhu‘ (ireys.” These cattle an; very popular 
with both feed(T and butcli<*r for they inherit the most valuable 
chara(;teri8tics of both the Galloway and Shorthorn parents. 
(PlaU* V., 4.) 

DUAL-PURPOSE BREEDS. 

Dairy Shorthorn. — Although in origin the Shorthorn was 
undoubtedly a dual-pur jiose breed, and in spite of the fact that the 
British farmer has always demanded a dual-purpose animal, yet at 
the end of the last century there was a very real danger that the 
dairy qualities of this famous breed would be entirely lost. The 
high prices offered for beef bulls by foreign buyers was largely 
n^sponsible for this state of affairs. In the year 11)06 some members 
of the Shorthorn Society, men of experience and foresight, formed 
th(^ Dairy Shorthorn Association with the object of promoting the 
breeding of the dual-purpose type of Shorthorn which was then in 
danger of becoming extinct. 

The Dairy Shorthorn as wc know it to-day is a hardy, thrifty 
animal, full of quality and character ; a regular breeder, and a good 
milker, some being very deep milkers indeed. Moreover, the milk 
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is of good colour and quality. When dry the cow rapidly puts on 
flesh and makes an excellent carcass of cow beef. 

Dairy Shorthorn bulls are widely used by dairy farmers all over 
England. “ The registration of non-pedigree dairy Shorthorn cows 
with authentic milk records is a feature of the work of the Dairy 
Shorthorn Association. These cows which are of the Shorthorn type 
and character are mated with pedigree dairy Shorthorn bulls with 
the ultimate object of qualifying their progeny for admission to 
Coates’ Herd Book. The steers of this breed make excellent beef 
cattle, and are equally suitable for beeflings and mature beef. 

Lincolnshiee Red Shorthorn. — ^This is a strain of Shorthorn 
which has been selected for colour and, in some cases, for milk 
production. That the cattle are very similar to a Shorthorn may be 
gathered from the fact that the Lincolnshire Red Shorthorn 
Association allow a red Coates’ Herd Book bull to be used, and admit 
the progeny into their Herd Book. These cattle are rather larger 
than the average Shorthorn, coarser in bone, and lacking in 
that “ style ” for which the Shorthorn is so justly famous. They 
are remarkably hardy and free from tuberculosis. Their metier is 
the conversion of large quantities of coarse and inferior foodstuffs 
into meat and milk; Hence they are ideal for the rich alluvial 
soils which are their home. 

Some herds are treated purely as beef cattle, but it seems 
probable that it is as a dual-purpose breed that its future lies. The 
cows of the dual-purpose strains are good milkers, and the calves, 
which are unusually large, can be fed into first-class carcasses of 
baby beef. Coarseness, a criticism which may perhaps be levelled 
against the Lincoln Red when mature, has at this age not developed. 
It will be realized that the characteristics of hardiness and freedom 
from tuberculosis already mentioned are of particular value when 
associated with dairy cattle. There seems to be some evidence that 
the dual-purpose Lincoln Red is more likely to breed true as far as 
milk production goes than many other dual-purpose breeds. 

Red Poll. — This is the only hornless breed of English catth^. 
They are the result of crossing some 100 years ago the old Red 
Norfolk cattle, famous as beef producers, with the polled Suffolk 
cattle, famous for milk production. The result was a dual-purpose 
animal which suited ideally both the land and system of farming in 
the counties of its origin. Why the dual-purpose type should ever 
hav(‘ been departed from it is difficult to see, but the fact remains 
that there are some herds bred with little or no regard to milk 
production. The Red Poll is rather tubular in shape, being long 
with well-sprung ribs, but lacking somewhat in depth. As baby 
bf‘cf it is excejjtionally good. 

As dual-purpose animals they are ideal for the poor light land 
farms of the eastern counties. Being moderate in size, and polled, 
they may he crowded together in yards much closer than would bo 
safe with most other breeds, a decided advantage where a soiling 
system of feeding is adopted. For their size they are good milkers, 
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and the milk has the advantage of being a good colour. 
(Plate VI.. 1.) 

South Devon. — The cattle of this breed are the largest not only 
of our British breeds but in the world. Mature bulls weighing over 
30 cwt. have been exhibited within the past few years. They are 
pale red in colour and are generally inclined to be strong -boned and 
somewhat flat-sided. In spite of their apparent coarseness they are 
not unpopular with butchers, being particularly thick flesh ^^d in 
certain parts of the carcass. The cows are very good milkers and 
the milk has a high percentage of butter fat. (Plate VI., 2.) 

Welsh Black. —These cattle constitute one of the most ancient 
breeds and are said to resemble more closely than any other the cattle 
existing in this country in pre-Roman days. Until 1904 two breeds 
were n^coguized, the North and South, each with a separate 
herd book, but in that year the Welsh Black Cattle Society was 
formed with one herd book for the whole breed. Two types can 
still be distinguished however, the northern type being specially 
noted for beef and the southern for milk production. 

Welsh cattle were in great demand at one period for draught 
purposes, hence the tendency, which it shares with some other 
breeds, bred until comparatively recently with this end in view, 
towards a heavy shoulder and light hindquarters. 

As graziers’ beasts the steers are well known in the midland 
counties of England, where under the name of Welsh Rimts large 
numbers are fattened every year. Being extiemely hardy, these 
Runts are particularly valued by tho.se who have the grazing of 
exposed marshlands. The most valuable characteristics of the 
breed are the hardiness and the ability of the cows to produce good 
yields of milk under conditions in which cows of some other 
breeds would barely live. (Plate VI., 3.) 

Dexter. — This breed, which is an off-shoot of the Kerry, shares 
wdth it its excellent milking properties. It is a very small animal 
but is compact, blocky and substantial. The colour is either whole 
black or w'hole red. It is a dual-purpose animal, and the cows for 
their size are remarkable milkers. 

Unfortunately, when breil pure they are apt to produce a pro- 
portion of monstrosities or ' bull dogs," as they are called. These 
calves are either born dead or do not survive many days. The 
breed is frequently used for crossing ])ur])o.se3 and w hen mated with 
Shorthorns or Aberdeen Angus produces some remarkably tine 
butchers’ beasts. (Plate VI., 4.) 

DAIRY BREEDS. 

Ayu-shtre. — Thi.-’ is the only nativ(‘ breed of pun* dairy cattle 
wliitdi has originated in the United Kingdom, and in conformation 
and appearance* is ty])ieal of such briH*ds. The cow is wedge shaped, 
mark(‘dly lemiiiine in apj)(?aram‘.e and distiiietlv angular and thin 
fleshed when compared with the beef or dualq)ur])ose type*. The 
colourt are varying shades of r3d or brown patches on a white 
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ground. The most popular colour is a white body with rod or brown 
patches in the neighbourhood of the lu^atl. The horns incline 
upwards and give the animal a characteristic appearance. (Ireat 
stress is placed on the shape of the udder, which is distinctive. It 
should be long, wide and deep, but not ])endulous or fleshy, and 
should bo firmly attached to the body. It should extend well up 
behind and far forward, with quarters even, ho 1(‘ n(‘arly level, and 
milk veins large, long and tortuous. The feats should be evenly 
placed, 2| to 3^ in. in length, and hang perpendicular. 

This type of udder with its firm attachment to the body, level 
sole and length forward is characteristic of thi.s brectl and may be 
contrasted with the pendulous type of udder se(‘n in some other 
breeds. Unfortunately, the teats hi many cows of the breed arc 
inclined to be rather small. 

The cattle are active and deer like, and are particularly suit(*d 
for milk production on poor land. The mal(‘ calves are rarely 
reared to maturity, the majority being used for veal. It is worthy 
of note that milk recording was first started in tic* United Kingdom 
by this breed society. (Plate Vll., 1.) 

Jersey.” -This race of cattle is native to tic- IsU* of J(‘r8(*y and 
has been ke])t pure for many generations by unmans of st ringtail 
import rt'guhit ions. It is believed that no cattle have been iinporttal 
for 200 Vi'ars. All cows on the Island ijit^ Iherclfs’e pure brctl, but 
adniissi(.)n to t}i(‘ herd book entails inspection w-ll as rt'gisl (‘rtsl 
})arciit ’tgt*. No htatci' is ijispta'ltal until siic has Ii.mI a. call. 'This 
means tJiai any animal in the Island ht'rd bo. »k is ma oiil\ pmv brt'd 
but also that it reaches a (pertain standanl nf imM it. 

Jtuscy is css<‘ntially a butter’’ com . and it is with this tuui 
in-\icM tliat (ijt‘ cattle have bctui bred. Roiiglils speakini^ it tak(*s 
only ;ibouf tuo gallons of JtTsev milk to give one pound of butter, 
and the battei- is of ucuitltaTuI it'Xlnre. being waw rather than 
grt'asy, owjiie to tlu' larg(‘ size and uiiilnrmi(\ of tiie iat globuK's. 

dhe COM' is small and graceful, but is capable t»f giving a large 
return for a small pnaiility (»f goo<i food. 'The e(»l(iiirs of t lie 
are liglit and dark fawn, broMii, sihi'r gre\ and muilx'iiy. d'he 
[olJoMing are the points cliaracterist i<' of the bre(‘d ; M(‘ad, small 
anri lean ; face dislusi ; eyes full and placid ; horns neat , well formed, 
small and convex, well tinge<l with yelloM’ ; (‘ars small, thin and 
yell(*M inside ; neck and throat straight, thiii and el(*an ; back hn'el, 
and broad at loins ; barrel wadi sprung, deep at tianks ; legs short 
and gimerally fine in b(jn(‘ throughout ; tail huig and line ; hide, thin 
m(di(»w and of a yellow rich tinge ; liair soft ; ndd»u’ syiimu^trical, 
full forward and behind ; teats squarely jdaeed and not too short , 
milk veins larg(‘ and long. 

The coAvs are geriile and docile but the Imlls, despite tbeir small 
size, are often tierce. The bull calves are killed for veal. 'Die breed 
is very ]ioy)ular in t he United States of Anua iea {1‘late \’(1,, 2.) 

Gleknsp:y. — T he islands of Guernsey, Aldenuy and Sark are 
the original home of the Guernsey catth*, whicli are ktq.)! pure there 
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by rtiniilar rostrictions to those adopted iji Jersey for the protection 
of the luitivc* br<.‘ed of lluit island. Of lat(^ years Oueriisey has 
become very fashioiiahh' in this country and tiio cattle are keenly 
sought after. l.ik(* the Jersey they are butter cows, giving good 
yi(‘ldH of v(>rv rich milk. J'hey are rather larger than the Jersey 
cattle, stronger boned, and more robust. As regards colour, they 
ar(‘ usiiallv of a shade of fawn, with or without w^hite markings. 
flMate Vli.. J.) 

Hkitish Fkte.sian . - For very many years prior to 1H80, when an 
eni])arg() was placed on all importations of cattle for breeding 
j)ur}i()s(‘s into this country, there had been constant importations of 
Dutch cattle into P"ast Anglia. In 1909 the British bViesian Society 
was foriTU'd to foster the interests of the breed, many of which had 
h(MMi kept pure. In 1914 an importation of some 50 specially selected 
P>i(^sian cattle, under very strict quarantine conditions, was 
]>(‘rtuitted. The siibs(KjU(‘nt progress oT the breed in this country 
is uni(pie. From 50 members in 1911 the membership of the society 
had risen to a thousand in 1919. In the former year the higho.st 
pricr paid for a single animal was £53. In the later year, wJien the 
boom ill agriculture was at its height and all stock were making 
high pri( (‘s, nearly 2,000 Friesians w^ere sold at an average price of 
£174. 

The British PTiesian is a breed of large deej) milking cattle of the 
dairy tvjie, though they admittedly possess more dualqnirpo.se 
cliaracters than some of the other dairy breeds. Many of the good 
stcMTs. liowever, which arc sometimes .seen and which are quoted 
as ('xam}il(‘s of the dual-purpo.se character of tlie breed, are PTiesian 
mainly in colour and are by no means pure bred. The colour is 
black and wJiitc, though lilacks and duns occur. The colours 
sliould be in sliarply (hJined patches. 

The cows ari' often (cxcuqitionally (h^ep milkers and the average 
yield is liigh. At the same time the milk is often deficicuit in 
l)uttc‘r fat, and tliis is accentuated by its poor colour. Long 
coutiiiuod selection for liigh milk yields without referen(M> to quality 
IS no doubt rcspoiisiljc for this state of affairs. That this need not 
b(‘ so is proved by the fact that some very deep milking individuals 
give milk with a comparat iv(‘Iy high butter fat content. Breeders 
ari‘ alive to this (hJect in tlieir cattle and are paying a great deal of 
atti'iition to it, witli th(‘ result that the best- herds are rapidl}" 
improving in this important n^spect. 

The Friesian is best suited to good conditions of housing and 
feeding, and n\sponds w'ell to giuierous treatimuit. The calves are 
largiv oft(Mi b<4\veen tMi and 109 lb, at birth, and are born fat. 
This is an imnu'iiso advantage for the production of veal. The 
mat.un> steius are not as a rule first-class meat, the tendency being 
for them to gnnv and reach an undesirable size before they can be 
got fat. 

Kerry, — JJiis is a breed of small black cattle of pure dairy type, 
indigenous to the southern and western districts of Ireland. They 
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easily adapt themselves to theii surroundings, are hardy, and are 
able to subsist on the scantiest fare and thrive where other cattle 
would starve. The Kerr}^ is often described as the ‘‘ poor man’s 
cow,” as she will eat almost anything and milk on it. They are 
sometimes used for crossing both with Shorthorns, Red Polls and 
Jerseys, the latter cross being of particular merit for milk 
production. (Plate VII., 4.) 

TYPES OF CATTLE. 

Although the breeds of cattle of this country vary considerably 
in appearance amongst themselves, they have nevertheless a number 
of points in common. Thus those breeds which are adapted for 
milk production resemble one another in several respects and differ 
markedly from those wliich are especially suitable for beef pro« 
duction. The characteristics associated with the particular form 
of production define the ” type ” and distinctive beef types and 
dairy types can be recognized even within the limits of a single 
breed. 

The Dairy Cow. — A dairy cow, even when not milking, if fed 
freely, does not readily store fat on her bod}-, and in consequence 
b.er bones seem loosely held together, and are clearly visible because 
of their sparse covering of flesh (Plate VIII.) This prominence of 
bone is known as ” angularity.” Wlum standing a short distance 
from a typical dairy cow it will be noticed that she has three dairy 
“ wedges ” : these are made by (a) the horizontal top-line of the body 
and the undcr-line wdiich as it is deep at the udder and less deep at 
the chest w^ould converge with the top-lint‘ if both w(Te continued ; 
(6) the wide base of tlu* chest and the narrowiiess of the backbone 
behind the shoulder blades ; (r) the wide hoeks and narrow shoulder 
tops. 

The first dairy w^edge is produced priiK*i]»allY by the capacious 
body containing the large digestive tract which converts food and 
water into raw^ materials for milk production. Frequently body 
capacity is abbreviated and called ” capacity.' In addition to the 
wedges a good dairy cow- must have a large udder, iiie general 
appearance of body and udder of the dairy typ*‘ is markedly different 
from that of the beef cow . 

After the superficial points have been obst^rved (Fig. 84) she 
should be carefully examined systematically as follows : head, neck 
and forequarters, body, hindquarters, mammary development, 
quality. 

A refined, thin-fleshed feminine dairy head i.s required with 
fine face bones and horns. Although the shape of the head varies 
with the breed, usually the dairy head is long from eye to nose, 
narrow at the eyes and broad at the nose. A large nose is thought 
to indicate a good constitution, while it is tended that a large 
mouth facilitates food consumption. 
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The eye, although alert, must not be excessively so tor this 
indicates a nervous animal which may be easily inftuencedhy external 
factors and hence an erratic milker. The refinement of the head 
should be continued in the long thin neck and light forequarters 
all blending to give a smoothness, despite the characteristic 
angularity. The fine shoulders, close at the points, should he 
neatly laid to the body, producing no definite hollows behind them 
in the crops. The cow should stand evenly on her sparsely fleshed, 
fine boned legs. 

A wide chest indicates a constitution adequate to stand the 
strain of milk production, and a large heart girth the presence of large 
heart and lungs, though it has not been proved that cows with this 


Fio. 84. - Points of a Dairv Cow. 

7 6 



1. Hoad. 12. Wit hors. 23. Barrel. 34. Pelvic Girdlo. 

2. Muzzle. 13. Crops. 24. .Milk VVoll. 35. Thurls. 

3. Nostril. 14. Shouldor. 25. Milk Voiii. 36. Pins. 

4. F'ace, 15. Howlap. 26. Cdder. 37. Tail Hoad. 

6. Eye. 16. Brisket. 27. Toals. 38. Stitio. 

6. Forehead. 17. Chest. 28. Udder Veins. 39. Ga.skin. 

7. Horn. 18. Forearm. 29. Klanlc. 40. Hock. 

8. Ear. 19. Elbow 30. Heart Girth. 41. Thiijh. 

9. Cheek. 20. Knee. 31. Back. 42. Switch. 

10. Throat. 21. Shank. 32. Loin. 43. Twist 

11. Nock. 22. Hoof. 33. Hooks. (inside leg). 

characteristic necessarily have good constitutions. The body, or 
barrel, should be long from the shoulders to the hocks and with well 
sprung, deep ribs to provide capacity for food. 

Typical hooks and pins are large, and set wide apart to produce 
the points from which the udder is suspended. In addition, width 
between the pins is thought to facilitate calving. The muscles of 
the hindquarters should be sparsely covered with fat and therefore 
clearly visible ; viewed from the side they should produce a straight 
line from the pin to the hock. The thighs should be thin to allow 
ample space for a large udder, which, when full of milk, will force 
the legs as wide apart as in a beef cow. The a})pearance of the cow 
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is enhanced if the tail is set on neatly and level with the back- 
bone, without being either too high or low. 

Cows producing large (piantities of milk usually have capacious 
udders, wide and carried high up to the tail, and far forward along 
the underside of the body. A large udder do(‘S not necessarily 
mean high milk production for the udder may contain fat and not 
the essential glandular tissue. It is easy to distinguish fatty and 
glandular udders. During the day the glandular udder varies 
considcTably in size for it is very large immediately before milking 
and small afterwards, but milking has little or no efTect upon the 
size of tlie fatty udder. As lactation advances the glandular udder 
gradually shrinks but the fatty udder remains constant in size. 
dTu‘ task of differentiating between them is how^ever difficult if the 
udders are full of milk, for then they may deceive vwn the Ix'st 
judges. The em])ty glandular tissues, after milking, aia* exceedingly 
sj)ongv and elastie and ])leasant to handle but those of a fatty 
udder are heavy and non-ela.stic. 

An udder cjinnot be considered good unless the component 
quarters are all unifoiinly good. A medium -sized teat well placaai 
in each quai'ter sim|)lifies milking. 

When th(‘ udder is covered with fine skin and short silky hair 
the small veins on the outside of the udder an' seen clearly. The 
venous blood is conveyed mainly from the glandular tissue' of tin* 
udder by six veins but only the two which run from the front of tlie 
udder along the body aiv visible. These two veins, the* ‘‘ milk 
veins,'’ run, one on eae'h side of the body, along the under side- of 
the barnd and th(*n turn suddenly to enter the body cavity. The 
]:)oint of entry of the milk vein is called the “ milk wt'll.’.' Only 
two milk wells are found iiormally on a cow but in es]H'cially good 
milking cows the milk vein may divide sevc'ral times prodinang 
several milk wells. The area of a eow's milk wells is so closely 
eonnected with her milk production that it is a reliable indicaition 
of her milking pi-oj)ensities. The fingers may be used to measure 
th(' size of the milk wells. A well wdiieh will accommodate the 
tip of the middle finger of an average man’s hand is considenal 
large. Care must be taken to examine all milk w'ells on both sides 
of the cow for considi'rable variations occur from one side to the 
other. For some unaeeouiitahle reason stockmen like to see the 
milk veins toi tmais, or w indmg, but it is difficult to understand how 
this can be associated with high milk production. 

It is generally accepted that fine bone and skin indicate quality 
in dairy animals. The fineness of bone can be most easily seen on 
the legs and tail, where only a little flesh is carried. The skin is 
easily influenced by the f(‘eding and health of the cow^ and although 
a thin phable akin on the ribs is preferied it is an unreliable indica- 
tion of quality. The skin should be so plentiful over the ribs that 
the hand just laid flat over the ribs may be closed slowly and gather 
a handful of it. 
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Probably the skin on the udder is little affected by feeding and 
if plentiful, in folds and pliable, it is ideal. 

The Dairy Bull. — It is difficult to describe a dairy bull because 
there is so little which safely indicates his true dairy transmitting 
ability. He must be masculine in general ap[)earance, yet have 
many of the characteristics of the dairy cow. His head must be 
heavier than that of a cow, wide between the eyes and fairly long 
from the eye to the nose, but in other respects his head will resemble 
a dairy cow’s. A true masculine neck is thick, with a high crest, 
and although long it appears short and thick. 

The forequarters, body, and hindquarters should be as nearly 
like those of a good cow as possible, but the barrel is not as well 
develoj>(‘d as in a cow. The mammary development of a bull is 
shown by the rudimentary teats and their placement. These 
teats should he well placed and preferably further forward than the 
scrotum. Some bulls have quite large milk welLs and it is assumed 
that this is desirable. 

It is })articularly important that the bull sliould be refined and 
show an abundance of quality Finally, bad faults such as high 
tail setting, shallow depth of chest, badl}^ sloping rump, although 
not utility points, would, in the eyes of experts, reduce the value 
of a bull’s progeny if they were transmitted. 

It will be shown later that more important points than those 
of conformation must be considered when purchasing a dairy bull. 

The Beef Cow. —VVTiereas the dairy cow is adapted to milk 
production the beef cow must be correspondingly adapted to the 
production of flesh. This must be laid on the skeleton in the 
c()i rect plac(\s. Where it is most particularly required can be best 
understood from the following table and Fig. 85 : — 


Butchers’ Cuts in a Side of Bbbf. 


Naino of cut. 

Retail Price 
per lb. 

(1930 priccB). 

Uses. 



(i. 


Hump 

2 

0 

drill 

Lojti . 

1 

<> 

Roast 

Kouud 

] 


Roiist 

Bo.st . . . 

1 


Roast 

'Thick Ulaiik 

1 

2 

(irill or Stow 

Hack l-Jihs 

1 

0 

Roa.st or Stew 

Shiiv 

U 

9 

1 Stew 

Clod 

0 

9 

Stow 



0 

9 

Stew 

UluU* Mild Hn>^k(‘l 

1 

8 

Boil and for cold Meat 

Thin Flank ... ... j 

1 0 

i 

Boil 


Although the pricies fluctuate seasonally the same relative 
differences persist. It will bo noted that the high priced cuts, the 
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roasting joints, are at the hind end of the animal, and the cheap 
stewing cuts are at the fore end. The roasting cuts sell well 
throughout the year but the stewing cuts are required mainly 
during the winter. Thus the butcher likes an animal particularlj’^ 
well fleshed in the hindquarters and light in the forequarters. In 
districts where the side of beef is halved at the seventh rib, the 
fore and hind ends should be about equal in weight, but a good 
carcass will be heavier in the hind end and a poor one heavy in 
the fore end. 

The main feature of the beef type is rotundity and smoothness, 
for a well finished beef animal has no bones protniding, being well 
covered with flesh everywhere. Whereas the dairy cow is put 


Eio. 85. Diagram of Butcher's C’uts os a Beef Cow. 



i. 

Hi'ad. 

h. 

Thick i lank. 

2_ 

Ciod and Sticking. 

9 . 

Koiiiid 

a. 

in-iskci. 


(Topside and Silversnie) 

4. 

Sinn. 

10 . 

Hum]). 

T). 

IMatc. 

11. 

Loin. 

6. 

Thin Flank. 

12 . 

Bc*st Bibs. 

7. 

Log. 

13. 

diuck and Ribs. 


together loosely the beef cow is firmly, solidly, and compactly 
built, standing close to the ground, the beefy blockiness replacing 
the dairy wedges. 

The details of the conformation of the beef cow from the butchers’ 
point of view , are as follows : — 

The beef head is neat, short and thick with large nostrils and 
mouth, and no coarse bones, ami in many breeds a poll instead of 
horns. T’he absence of horns may apjiear to add to the blockiness 
of the head. I’he neck should be so shoit, thick and well fleshed 
that the outline of the muscles and gullet cannot be distinguished. 
The shoulders must be neatly joined to the neck and body with an 
abundance of flesh. The meat must be laid cm both sides of the 
shoulder blades, making the points of the shouldcTS wide apart at 
the top line and the legs far apart at the under line. Although a 
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good beef cow must have a wide heavy brisket and dewlap, it is 
difficult to understand the reason, for the brisket is low quality 
meat. 

A butcher requires an animal with a long body, well-sprung ribs, 
and good loin to satisfy the public demand for the better cuts of 
meat. Thus the width must increase from the shoulders to the 
hind end. The back must be flat. The ribs, although deep, need 
not be as deep as in the dairy cow for the beef under line should be 
parallel with the top line. Flat- sidedness is to be avoided, for 
ribs from such animals contain insufficient lean meat for the public 
demand. Good constitution as indicated by depth and width of 
chest is required. 

As the hindquarters produce the most valuable cuts they must 
be so well covered with flesh that the hooks and pins arc submerged 
in flesh. The pins and hooks must be far apart to allow for the 
development of the valuable rump meat. The thighs should be so 
well fleshed, particularly between the legs in the twist, that they 
bulge with meat whether viewed from the side or the back. Both 
the hind and fore legs must be short and wide apart carrying the 
body close to the ground. It is obvious that if the twist is well 
filled little space remains between the hind legs for an udder. Onh^ 
a small udder is required, for a beef cow is expected to produce 
merely sufficient milk to rear her own calf. Thus in beef cows 
mammary development may be ignored, except occasionally where 
beef cows are such poor milk producers that they do not produce 
a sufficiency for their own calves, for in beef -breeding herds no 
additional milk is available. 

A good butcher’s animal has small fine bones evenly covered 
with good quality meat with only a limited proportion of fat. Fine 
bones, as with the dairy cow, can be easily judged on the legs and 
tail where little flesh exists. In addition to the fineness of bone 
the hair and skin are considered to indicate the quabty of meat, 
but they are not infallible signs. 

Fleshing can be judged by applying several standard tests : — 
along the backbone ; over the ribs ; over the loin ; over the hind- 
quarters ; and over the flanks. The fleshing along the backbone 
can be judged by tapping it with the tips of the fingers, with a 
supple wrist. With even fleshing a uniform feeling is experienced, 
but if fat and bone are felt the fleshing is uneven. If the flat hand 
is passed over the ribs, loin and hindquarters the evenness of fleshing 
can again be judged. Uneven fleshing is most likely to occur on 
the pins and ribs where excessive fat production leads to the 
objectionable “ blubber ” which was, at one time, so common. 
The flank may be taken in the hand to ascertain the thickness of fat. 

The Beef Bull. — It is much easier to judge a beef bull than a 
dairy bull. A beef bull suitable for breeding should be an excellent 
butcher’s type of animal, but in addition he must have the requisite 
male characters in head, crest and scrotum. Special care must be 
taken to judge his fleshing quabties for it would be most undesirable 
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to use a bull covered with patchy fat. Any bull with coarseness 
of skin, hair, or bones should be avoided, for he might beget offsprings 
producing coarse quality meat. 

The Beef Steer. — The steer should display none of the secondary 
sexual characters commonly associated with masculinity in the 
head and neck, but the cod (scrotum) provides a reliable means of 
judging his fatness. As it is usually the last part to become fat 
a well finished cod indicates a well finished bullock. In all other 
respects the good steer or bullock will have the same corresponding 
points of conformation as the beef cow described in detaLil above. 

The Dual P.UTpose Cow. — As dual purpose cattle are more 
numerous in this country than cither pure beef or dairy stock they 
must have some definite advantages over the other types. Their 
popularity is due largely to the troubles that occur in dairy herds 
when animals are annually culled for bad udders, non-breeding, etc. 
Such cows culled from a dairy breed are of little value but those 
from a dual purpose herd may be fattened advantageously. 

The type can be best realized if the expectations from a dual 
p\irpose cow are stated. It should : 

(1) Yield at maturity at least 8,000 lb. of milk per lactation of 
315 days. 

(2) Calve annually, producing stock which will breed true to 
the dual purpose type. 

(3) Produce male calves which, if castrated, will fatten readily 
for baby beef or mature beef production. 

(4) Fatten herself at the end of Jier milking days, and, depending 
oji the current /uiccs, be worth about £20. 

It is obvious that a good dual purpose animal must have a 
combination of both beef and dairy characteristics, but it is 
impossible to obtain tiie ideal, for the beef conformation is often 
the exact opposite of the dairy conformation. 

The dual purpose type is essentially the dairy type but masked 
b} llc.shiMg, for a dual purpose cow is rarely as thinly fleshed as a 
cow of a true daiix' breed. If the cow is carrying much flesh she, 
at first sight, may appear to be beefy, but her big frame, particularly 
wide hooks and a large udder \vould betray her true identity. 

A dual purpose cow may millv as well as the cow of a dairy 
breed, but she is inferior to a beef cow' for beef production. Thi.s 
can be most easily observed when the dual purpose cow is fat for 
slaughter. Some characteristic faults then a])pear. The fleshing 
is frequently uneven and patchuiess is visible over the hindquarters, 
ribs, loin and back. In addition the hindquarters are never as 
well fleshed or finished as those of a beef animal, for the hooks 
of the dairy type are wide and difficult to cover and the thighs and 
twist are never well filled. 

In breeding it is exceedingly difficult to obtain the ideal com- 
bination of meat and milk. Further, some dual purpose animals 
do not breed true and the progeny may be either beef or dairy or 
some rather valueless inter-grade. Thus a good dual purpose 
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animal is more difficult to breed than cither a good dairy or a good 
beef animal. 

The Dual Purpose Bull.-- It is exceedingly difficult to describe 
the type of a dual purpose bull for his power to transmit the capacity 
for producing milk can be judged only by his ofTspring. Funda- 
mentally his type must be dairy, with no strong indication of 
beefi ness, *1)11 1 it must be remembered that the amount of flesh 
carried may be influenced largely by feeding. 

SELECTING BREEDING STOCK. 

Anyone commencing live stock farming must first cartdully 
consider his ])olicy and must decide whether he will buy ])cdigre(‘ 
or non-pedigree stock. Pedigree stock are those whose ancestors 
for many generations are known and are recorded in a book known 
as a “ Herd Book.” Each different breed of stock has its own 
lierd book. The progeny of pedigree stock may automatically 
enter the herd book if a few minor regulations ar(‘ observed. 

Pedigree stock are usully a definite type, so well fixed by genera- 
tions of breeding that they breed sufficiently true to maintain it. 
Because of the greater certainty of the progeny }>edigrce stock 
usually command a higher price than non -pedigree stock. For a 
j)erson starting stock breeding the purcha.se of pedigree stock involv(v^ 
a slightly greater initial outlay. Till a newly formed pedigree herd 
has l)ecome conspicuous by either winning prizes at shows or by 
milking well, the stock when sold may not make pedigree prices. 
Thus it may be some years before sati.^factorv returns can be 
obtained when selling. 

Furtlier, tiie beginner, with no j)revious ex]>erience of stock, may 
make mistakes in feeding and management which may result in 
loss of condition, ill health and in extreme casi‘s, death. Experience 
with non-pedigree stock costs less than with ])edigree stock. The 
|»ossibility of grading up non-])edigr(‘e stock to pedigree by using 
pedigree bulls for several generations is worth consideration. 

The following discussion of the selection of breeding stock, 
although applying to non-pedigree stock, refers mon? especially to 
pedigree stocks. 

Choice of Breed. Tlie initial choice of a breed depends on 
many factors, one of which is the preference of the individual 
breeder.- He must also consider whether he requires b(*ef, milk or 
dual purj)ose breed. If milk then whether the aim will l>e to 
produce fluid milk, cream, butter or cheese. The selection of the 
breed will also be influenced by the locahty, climate and cropping. 
Some breeds are more hardy than others and some are big cattle 
needing much bulky food. WTutc food is scarce, small animals 
with correspondingly small apj^etites should be chosen. 

Cattle Judging. — Having decided upon the breed to purchase 
it is then necessary to gain some experience of judging to assist 
in the purchase of the cattle and also for subsequent breeding 
and culling. 
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Although show cattle judges are born, not made, anyone who is 
interested in cattle may in time become quite an efficient judge of 
them. It is necessary first to obtain good mental pictures of the 
ideal cattle types and then to look at stock very thoroughly and 
compare them with their corresponding ideal type. If a decision 
has to be made between buying one of two animals it is usually 
desirable to compare each point of the one with the corresponding 
point of the other. To examine an animal thoroughly, a student 
may find it helpful to use a score card, as illustrated : — 


Bkkf Cattle Score Card. 

General Appearance- 20 per cent. 

Weight for Age... 

Form . — Blocky and compact ; level top and underline ; broad, 
deep and square, both meeting you and leaving you well. 
Short on the legs... 

Style and Carriage ... 


Maxim urn 
Points. 

7 


9 

4 


Head and Forequarters— 11 percent. 

Head . — Showing quality. Face short, wide between eyes. Eyes 


large and placid. Muzzle and nostrils broad. Mouth, large 4 
Neck . — Moderately short and thick, neck vein full of flesh. 

Smoothly joined to shoulder ... ... ... ... ... 2 

Shoulder . — Well covered with flesh, wide between blades, wide 

over chine, smoothly laid ... ... ... . . ... 3 

Brisket. — Wide, proj(>(ding well forward between fon^leg.s 1 

ForeZe.^.s. —Short and wide apart ... ... ... ... 1 

Body - 27 per cent. 

Chest . — W ide and deep ... ... ... ... ... ... 4 

Gro/i<s, \\'ell fillt‘d, even with shoulders... ... ... ... 3 

Ribs. — Well .sprung and deep. Large heart girth ... ... 6 

Back . — Broad, straight, .smooth ... ... ... ... ... 5 

7y^?n.- W'ule, not narrowing down behind ribs .. . ... ... fi 

/7(7a7,- l'hick, heavy, well let down ... ... . . . . 3 

Hindquarters 27 per cent. 

7///AV. ^^'ell cov’ored, moderately wdde ... ... ... 3 

Q u art ers . — houQ from hooks to pins, wdfle through thurls, rump 

well tilled ... ... ... ... ... ... ... 10 

Tail Head. — Neat, absence of patchiness ... ... ... 3 

Thighs.- Full deep, wide from behind ... ... ... . . 

Twist . — Full deep. (Steers, cod or ])urse full) ... ... ... 4 

Iwgs. — Straight, short and wide apart ... ... ... ... 2 

Quality and Touch — 15 per cent. 

Evenly covered witli firm springy muscle, absence of jiutchiness 6 
Skin jdiable, soft, moderate thickness ... ... ... ... 4 

Whole animal covered with fine mossy hair ... ... ... 2 

N eat finf3 bone ... ... ... ... ... ... ... 3 


Total W) 

The score card is, as it were, a measuring staff to place beside the 
cow, with the ideal animal as the standard. If judging two animals 
at a time a beginner may find it easier to compare them point by 
point and to give each one with the best point full marks and so 
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on throughout the score card. Whatever system is followed, first 
stand well away from the animal in order to form a general opinion, 
and then examine in detail, commencing with the fore end and 
working to the hind end, and finally handle the necessary parts. 
Move the stock again after they have been judged standing, for 
then lameness or joint trouble shows up most clearly. Stock 
may be very nervous and easily frightened if a stranger moves 
quickly near them, thus particular care must be observed when 
handling strange cattle. 

Breeding Policy. — Before purchasing stock, the breeding policy 
must be planned to suit the circumstances. The common systems 
of breeding are in -breeding, line-breeding and out-breeding. 

In-breeding is the mating of very closely related stock together, 
e.g., brother and sister mating, dam and son mating, or sire and 
daughter. This is done in order to concentrate in the progeny 
certain characteristics present in the parents, but as both good and 
bad points may be accentuated it is a risky procedure. It should 
only be followed where the foundation stock are unrelated and have 
no obvious bad faults. This policy involves greater risks than 
most breeders can afford to take. 

Line -breeding consists of mating slightly related stock together. 
Again the aim is to concentrate certain points but it involves much 
less risk than does in -breeding. Frequently the system may be 
used with advantage in dairy bre( ding. Thus, when it has been 
found that a bull from a certain family has left good milking progeny 
in the herd, then other bulls may Ix^ used from that same family. 

Dairy Males. — The dairy bull may be the parent of sixty calves 
per annum but the best cow in the herd is rarely the parent of 
more than one calf in the year. Thus the buU has as much influence 
on the future herd as all of his cows. If he impresses his type upon 
his i3rogeny he ma}^ be equal to more than half the herd. Thus a 
bad bull may have very deleterious effects upon it. The cheapest 
and quickest way of improving a herd is by using the right sire. 
Great care must therefore be taken in selecting a bull and a big 
price may be paid for him. If a dairy herd has a low average 
millc yield, it is eas}' to increase the yield by breeding but with a 
high average it is exceedingly difficult to raise it further yet very 
easy to lower it. 

The following points must be considered before buying a bull, 
though not necessarily in the foUo'v^’ing sequence which has been 
arranged to emphasize points often omitted : abihty to produce 
good milking cows ; bull’s pedigree ; appearance of bull’s progeny ; 
appearances of bull’s dam ; appearance of the bull. 

By the time a bull has shown his ability to breed good producing 
cows he will be an old bull for if, when 12 — 15 months old, he serves 
his first cows, their heifers will not complete their first lactations 
till he is over five years old. Unquestionably a bull which has 
proved that he can transmit high milk production to his stock, is 
the one to use, for the breeding results are more oertain. The 
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value of an old bull can be judged by the milk yields of all of his 
daughters, compared with those of their respective dams, but 
sometimes allowances have to be made such as mentioned on p. 620. 

A pedigree is merely a chart showing an animal’s ancestry 
but frequently in addition it gives production records and showyard 
winnings of the stock may be mentioned. As a good bull is one that 
has been especially bred for high production this should be shown 
by the milk production records of his near female relations. It is 
rarely necessary to consider the production of more than the dam, 
two grand dams and occasionally the four great-grand dams, 
although salesmen may stress more remote animals. Both of the 
parents should be from high producing stock and preferably the 
bull’s nearest relatives should show the highest production. Some 
pedigrees are filled with irrevelant material such as records of 
unrelated stock which must be ignored. As some bulls are now 
proven they may be especially marked in future pedigrees. 

Cows should have shapely udders, and in the heifer special care 
must be taken to see the udders are of good shape with the teats 
well placed. 

If a young bull who has no progeny is being considered it is 
desirable to see his dam for if she has good mammary development 
it may be assumed that the bull will transmit something similar to 
his progeny. The dam must be of a good dairy type with no bad 
faults. 

The ap})earance of the bull has purposely been left to the last 
for frequently it is the only thing considered. The bull should be 
of typical dairy conformation with no bad faults which he might 
transmit. 

Dairy Females. — Essentially the dairy female must be of good 
dairy type and, if she has been milked, she must have a high milk 
})roduction record. Her ancestors, too, should have good records. 
The pedigree should be studied much as suggested when purchasing 
a dairy bull. If thci female has progeny it is advantageous to see 
them, for it will indicate whether good or bad jjoints are being 
transmitted. 

Beef Stock.— As the beef type can be so easily judged it is almost 
safe to select breeding stock on inspection only, but if a pedigree 
gives the winnings of the stock at recognized fat stock shows it 
may be particularly helpful. 

Starting a Herd. — After the beginner has decided upon the kind 
of stock he wishes to buy he has to consider the source from which 
to purchase the stock, for unless he takes precautions he may 
introduce to his farm such serious contagious diseases as tuber- 
culosis, contagious abortion, garget, anthrax, white scour of calves, 
or foot and mouth disease. Stock may be obtained from dispersal 
sales, collective sales, by private purchase, through dealers, or by 
purchase at a local market. 

On the retirement or death of an owner a herd may be dispersed 
which represents the life work of a breeder in obtaining a certain 
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uniform type or production. Thus the purchaser might save many 
years of breeding if he took a number of the better animals to form 
the nucleus of his herd. Again, animals from the same herd settle 
well but strangers may injure one another. Breeders know that 
at such a sale, depending on the breeder, some good and, possibly, 
some bad stock may be sold. 

As breeding increases the head of stock annually some breeders 
are forced either to have a sale on their own farms, or several 
breeders may combine and send their stock to a collective sale. 
Naturally, a breeder wishes to sell his poorer stock, but if only 
poor animals were offered other breeders, knowing this, would 
not attend the sale. To attract trade some good animals are 
therefore sold. If the poorer animals predominate the prices are 
generally low, and thus, with care, a purchaser may select good 
animals and buy them cheaply. It should be remembered that 
the greater the number of herds from which animals are brought 
the greater ^vill be the chance of introducing disease. 

fither a whole herd or individual animals may be purchased 
privately and it is a system with many obvious advantages. It has 
one disadvantage, for by visiting the farm the purchauser admits 
keenness to buy and the owner may have to be tempted to sell 
by the offer of a high price. 

Some farmers, mostly non-pedigree breeders, order cattle from 
cattle dealers. Although the system is very useful when obtaining 
.store cattle it is hardly to be recommended as a means of purchasing 
pedigree stock. There is the grave risk of introducing disease 
by buying in this way. 

Diseased, unthrifty, poor milking, non- breeding stock which 
can be sold by no other means are consigned to local markets, but 
good breeding stock can usually be sold by other means. Thus it 
is obvious that only store and fattening cattle should be purchased 
from such a source. 

CATTLE FEEDING AND MANAGEMENT. 

If cattle are to be successfully reared their requirements from 
birth to maturity must be fully understood. The procedure varies 
according to climate and stock, for dairy stock require different 
treatment from beef cattle, and breeding stock from fattening 
stock. For simplicity the feeding and management of cattle 
may be discussed under the following headings: — Dairy Females, 
Dairy Males, Beef Breeding Stock, Beef Fattening Stock. 

Dairy Females. — Although stock raising is expensive, all success- 
ful dairy farmers must breed their own stock, for it is the only 
satisfactory way of improving a herd. A natural sequence of 
discussion is from the calf to the mature cow. 

Many methods for calf rearing are used, but certain points are 
common to all systems. Until the calves are three months old 
they must be fed regularly with clean wholesome foods in the 
correct quantities. If the food is liquid, it must be given at the 
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correct temperature (100° F.) All calves must first receive colos- 
trum from their own dams or some milk contaming castor oil to 
open their digestive tracts. Until the end of the third week the 
calf should be fed three times daily but thereafter twice should be 
adequate. When calves are given liquid foods they should be 
housed either in individual pens, 4 ft. by 6 ft., within sight of one 
another, or tied up during, and for a short time after feeding to 
prevent them suckling one another. The pens must be clean, well 
littered with straw, and, unless the calves are fattening for veal, 
adequate lighting is essential. 

Calves other than pedigree bull calves are reared normally by one 
of the following systems. The natural method of feeding is for 
calf to suckle its own dam but it is too expensive unless either it is 
an exceedingly valuable calf or the dam is a cow which has milked 
well but because of injury or loss of a quarter is kept for breeding 
and suckling. Such a cow should be able to suckle several calves 
in addition to her own during her lactation, for a heifer calf is 
suckled for only two to three months and a foster mother may 
produce sufficient milk at the beginning of her lactation to suckle 
three calves. The cow may suckle up to 12 calves in her lactation. 
This system depends upon a good foster mother which will take 
readily to calves, for if she does not let them suckle she will have 
to be watched lest she kicks and injures them. 

On most dairy farms milk is too valuable to feed in unlimited 
quantity to the calves but on a few outlying farms, where it is 
(lifficult to sell milk, pail rearing is practised. When whole milk 
sells for a good price calves are fed with the minimum of it which 
may be supplemented, and finally replaced, with gruel. When 
several days old the calf should receive about one gallon of milk and 
as its appetite increases it may receive one and a half gallons by 
the end of the third week. The minimum amount of whole milk 
for rearing is 30 gallons. After the third week gruel may be fed 
consisting of one of the following mixtures : — 

2 [larls liiisc^ed cako or iiioal, 2 {jarts oatmeal, 1 part ground Inis- ed. 

6 parts pea meal, 3 parts ground malt and ] part ground lms('t>d. 

1 part linseed t ake, 1 part middlings. 

A proprietary mixture especially if containing a milk product. 

The gruel should be carefully made by mixing one pound of 
meal with one gallon of water and heating it gradually for several 
hours until it boils. It is then cooled to the correct temperature 
for feeding. The gruel should gradually replace the whole milk 
which should be fed only until the calf is two month.s old, by 
which time the ration will bt‘ two gallons of gruel. This system 
and the difficulty of keeping the buckets clean involves much labour 
and as it gives no better results than other more simple systems, 
it is not to be recommended. 

The most common system in use on dairy farms is pail 
feeding with limited new milk and dry supplements for it is both 
simple and efficient. New milk is fed in exactly the same way as 



FEEDING OF CALVES 


533 


above, but the gruel which needs careful preparation is replaced 
with dry concentrated foods. When the calf is three weeks old 
it will eat a little cake ; the quantit}’ should be slowly increased 
daily until at eight weeks old one and a quarter pounds may be 
eaten and two ami a half pounds at three months. The mangers 
must be cleaned out daily to keep them sweet. Th(‘ meals may 
include any of the following : — 

4 parts linscMnl fakr and 5 parts whoK' Uoans or bean rnivil ; 

2 ,, ,, ,, I part of cruHlied oars ; 

1 ,, 1 part ^hole beans or bean meal anci 1 part crushed 

oats ; 

t ,« ,, ,, 3 parts maize na*al and 1 part fish ni 'al ;. 

^ » »» 5 parts wheat or mi<lfllings and 1 part drierl yeast. 

Pail feeding with limited new milk, supplements and either 
whey or skim milk is practised on dairy farms in districts where 
butter and cheese are made. Large quantities of skim milk and 
whey are produced which must be utilized quickly. These hv- 
products can be fed conveniently to calves ]^rovided they receive 
whole milk during the first three weeks of their lives. The by- 
prtxlucts vary in composition and the sup})lements must }>e 
adjusted accordingly. As skim milk is ordinary milk with the 
fat removed, the supplenuuitarv concentrates must be high in fats 
or carbohydrates. Thus eitluT one half to four ounces of eofl liv ^r 
oil or extra cereals must be f(‘d in addition. A suitable ration is 
two parts crushed oats and one part of bran meal, or lins» tal cake . 

Witli cheese-making the proUdns ar(‘ remov'd from the milk 
leaving whey. Thus a supplement high in protein^ sm li as : — 

[а) two lu til H'C parts liiidet-d cak<' two parts rni.->h»U i) iit fu! 

meal ; 

(б) two to three part-s linsee«l cake two parts fine middln^e.-N one part 

fish meal 

should be used. 

The by-products may be introduced into the ration gradually 
replacing the milk till no milk is fetl when the calf is eigiit weeks 
old. More than two galltuis of whey or skim milk slicadd never be 
fed daily, for large quantities distend the abdomen. W’hen three 
niontlis old the calves should consume two j ounds of meal and one 
and a half gallons of w’hey daily. 

Only the milk and cgaieentrates for calf rearing ha\ been tlis- 
cussed Init calve.s require other foods in addition. Oalves need the 
best quality meadow hay for they only eat one and a half pounds 
daily at three months. To avoid waste this may he fed in strong 
nets and when not eaten it should be r(*m()ved vlailv. Small 
quantities of roots may be given when the ealf is over three months 
old but silage is better omitted till the ealf is older. Tl.iU'e is sotm* 
evidence that calves make better live weight gains w hen receiving 
minerals, and unquestionably they are better when given an oppor- 
tunit}" of licking rock salt. As the food of calves housed during the 
winter may be a little deficient in vitamins some authorities advis(‘ 
feeding cod liver oil, but no definite ruling can be given. 
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Calves need water, particularly when the milk is reduced, but 
they must not consume too much for an excess may spoil their 
conformation. 

Dairy calves should be housed till they are six months old 
unless, either they are suckling a foster mother who is grazing 
during the summer, or they are well grown and healthy when the 
spring arrives. As pail feeding ceases when the calves are three 
months old several calves may be placed in one pen to reduce 
labour. As they are still very young they must receive good 
quality food, though not necessarily the best. A suitable ration 
is shown on p. 535. 

In sheltered districts dairy heifers may graze from the age of 
six months until the period of pr(‘gnancy. It must be remembered 
that young heifers may pick up hoo.se or husk if put on damp 
pastures. When first turning cattle out to grass they must be 
carefully watched lest they eat too much, as this may either mak(' 
them scour, or cause them to become blown. The first grazing 
should be restricted to a few hours daily, and a small quantity' of 
high carbohydrate concentrates fed to counteract the high protein 
content of the grass, or hay may be given to prevent scouring. 
When the heifers are grazing safely they may receive no more 
concentrates until shortly before they calve. If such heifers are 
to graze during the winter they should have access to a covered 
shed for bad weather. When the ground is covered with snow 
or frozen hard they should be given some second quality hay. 

Rarely, save in sheltered districts, shoidd heifers undcT twelve 
months old be kept grazing during the winter and preferably they 
should be housed in yards and fed cheaply on hay, straw, roots, 
silage, and a small quantity of concentrates. Housed heifers ov(t 
twelve months old require cheap bulky foods to develop their 
digestive tracts. In addition they may recpiire a little highly con- 
centrated food, e.gf., ground nut cake, or decorticated cotton seed 
meal, for adequate growth. 

Breeding.—Bcfore discussing mating it is necessary to exjilain 
the signs of “ heat ” in the non-pregnant females. Thes(‘ occur at 
21 days intervals. When a number of heifers are running together 
in a field or yard they may jump one another, but only tlu* heifer 
on heat will stand while another heifer jumps on her. An isolated 
heifer on heat bellows to other cattle and they may reply. Milking 
cows give less milk for the day they are on heat. During tlie winUu' 
the signs of heat are less pronounced and the duration of the heat 
period is reduced to a few hours. Thus it is difficult to get cows to 
c*alve in the autumn, for they have to be served during the winter. 

The agt; of the first breeding of a heifer depends upon h(‘r bnicd 
and her size. Heifers of the large breeds drop their first calves 
when 27 to 3G months old but the small (Jhannel Islands breeds 
frequently have calved when 24 months old. The differenci‘s within 
a h(Td are due to the development of the heifer and to the require- 
ments of the farmer. La(‘tation throws a big strain upon an animal 
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and if it commences unduly early in life body growth may be 
restricted. Thus heifers must be well grown before they are served. 
Ill addition calving times must be arranged in accordance with 
the owner’s requirements of milk. Consequently a heifer may, in 
practice, be served when younger or older than the average of 
18 — 21 months. 

Usually dairy cows are served three months after calving so 
that with a nine months gestation period they will calve again 
twelve months after the previous calving, but with dairy heifers 
which have calved at a very early age service may be delayed for 
three months to give them a long dry period prior to their second 
calving. Some breeders do not serve their best cows till four or 
five months after calving. This enables such cows to give iiigh 
lactation milk yields and reduces risks as calvings are less frequent. 
The disadvantage of this system is that the best cows leave fewer 
calves during their life-times than the others. Also by delaying 
service after calving it becomes increa.singly difficult to get the cow 
in calf. Finally calving every 14 or 15 months may result in the 
cows calving at inconvenient times. A heavy bull may permanently 
disable a heifer. It is rarely safe to use a l)ull of more than twnce 
the weight of the heifer unless a breeding crate is used. 

The indications of pregnancy are, in the first place, the absence 
of the indications of heat. In the heifer, several months after the 
commencement of pregnancy the udder develops. At the fifth 
month there is a marked fail in the milk yield of a lactating cow. 

As the initial stages do not exert any big strain upon the heifer 
she may be fed according to her live weight, and if the weather is 
suitable the in-calf heifer should graze. Similiarly a pregnant cow 
may be fed according to her milk production till she is dry or is 
dried off at six to eight weeks before calving again. If a cow or 
heifer is in ])Oor condition she must be fed concentrated foods two 
or three months before calving to give her some surf)lus flesh for 
milk production ininKHliately after calving. Initially four pounds 
of concentrates balanced for milk production might be fed and the 
quantity increased as calving a])proaches, depending on the con- 
dition of the animal, to 10 or 14 lb. daily. It is desirable to feed 
the same concentrates before calving as are to be fed aftca- calving 
to facilitate subseupient feeding. 

The concentrates may be fed in mangers in either a yard or a 
shed in ord(^r to bring the cows and heifers under observation. 
The heifers thus become used to attention, a feature of value if 
assistance is needed at (waiving. In addition, the udder must be 
watched, for if it is either developing unevenly or becoming a 
little hard it should be massaged daily. After such treatment a 
heifer usually takes kindly to milking. Cows and heifers from 
deep milking families may fill their udders prior to calving ; some 
authorities advise milking, others consider milking prior to calving 
renders calving more difficult, but no definite opinion can be given. 

During the summer cows may calve on the grass, but in winter 



CALVING 


537 


stock should be housed prior to calving. When the milking cows 
are brought in for nights, the down calving heifers should come in 
also. Such animals may be kept either in yards or boxes. The 
food prior to calving must be laxative. If an animal is to calve 
indoors, preparations should be made well in advance, and on a 
dairy farm at least one box should always be ready for calving. A 
calving box should be 12 ft. by 12 ft., well lit, well ventilated, with 
good floor and walls which may be cleaned and disinfected easily. 
A heifer or cow should be put in her calving box for several nights 
before calving for her to become accustomed to it. The bedding 
should be adequate but not excessive. 

Some breeders calve all their stock in boxes in case assistance 
is required, but during the summer many breeders calve on grass 
and so lessen the risk of disease. 

Several days before calving, the udder begins to become distended, 
and, particularly in a heifer, the teats appear waxy and tight. At 
about 24 hours before calvdng the ligament.s around the tail soften, 
hollows appear on either side of the backbone, and the tail head 
is raised. A few hours before calving the cow becomes uneasy and 
then as the calf moves into the f)elvic girdle she looses the spring 
of the ribs and becomes Hat -sided. As calving time apj)roaches 
nearer the cow strains, with her back arched, a bladder appears 
and breaks, and exposes the calf’s forelegs. With a normal presen- 
tation the calf’s forelegs and head should aj)pear first. Repeated 
straining forces the head of the calf through the pehic girdle. If 
assistance i.s given it is either to help the calf pa.ss through the 
pelvis, or with mal-jwesentatioii to place the calf ready for birth. 
If th(‘ cowman assist.s the cow, he must carefully wash and disinfect 
his liands and j)ull only when the cow strains. Normally the calf 
is born within a few liouis of the comineiiceinent of calving and the 
after-birth is passed out within the next 24 hours. If the after- 
birtli is not pa.s.sed naturall}', a veterinary surgeon should be called 
in. After calving, the cow may be given a drink of about one gallon 
of chilled water to inhibit straining and to quench her thirst. 

There is much difference of opinion regarding the time during 
which the calf should suckle. If removed at birth the cow never 
misses tlie calf and she settles quickly to milk production. The 
calf is then bucket fed and no difficulty should occur. If this system 
is adopted the calf must be removed immediately it is born, 
thoroughly dried by rubbing with wis})s of straw, and given some 
colo.strum from its own dam. When the calf is removed four days 
after birth both cow and calf are thoroughly upset and the cow* 
usually withholds her milk for several days. The advantages of this 
procedure are that the eow' licks the calf dry and in so doing massages 
it. This helps the circulation and the tluid imbibed by the cow 
acts as a mild aperient. In addition, for its tirst few^ days, the calf 
receives its mother's milk and consequently usually thrives better. 

The feeding immediately after calving needs careful attention 
for no concentrates must be fed until all inflammation has left the 



53S CATTLE: BREEDS, TYPES, MANAGEML'Nl’ AND BREEDING 


udder. Any inflammation may bo dispersed by massaging and 
careful milking. Special care must be taken in milking cows after 
calving, for heavy milking cows if milked dry are more susceptible to 
milk fever. High producing cows are the most liable to suffer from 
the fever and it rarely occurs in heifers. The fever appears within 
a week after calving, when it is first detected by a peculiar staring 
eye, quickly followed by a staggering gait. If promptly treated 
the COW' may iTcover quickly. To treat it, the udder is inflated 
with air ancl the teats are tied up. The cow is then given a drink 
as a stimulant and to open her bowels. If treatment is withheld, 
death may occur within a few hours. As prompt action is necessary, 
every dairy farima' should be equipped with a milk fever pump, 
which only costs a few' shillings. 

As soon as the c,ow' has r(‘covercd from calvdng and the loss of 
her calf, she may be fed carefully for milk production. A cow' 
usually reaches her highcwSt milk yield within six weeks of calving. 
The breeder ho])es to obtain the maximum yield and assumes 
that if slu* milks well at the beginning of her lactation sht‘ may 
maintain that high })rodiiction throughout. Thus a concentrated 
ration is fed slightly in excess of production requirements until her 
maximum yield is reached. It is supposed that in this way the 
milk yield may be increased until the maximum is reached and 
the COW' can then b(‘ fed accordingh\ The com-en trail'd rations for 
milk production vary according to pri(*es and the individual taste.s 
of the COW’S. For high milk production the palate of each cow 
must he carefully studied and foods given accordingly. 

Examples of balanced rations for milk })r(;duction are ; - 
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In addition to the ration for milk production the cow must 
receive a maintenance ration. This varies according to the live 
weight of the cow, the food available, and the amount of milk she 
produces. A high protlucing cow may require^ littk' in addition to 
her concentrated foods. 

Typical maintenance rations for low yielding cows weighing 
11 cv^. are : — 


Kouohaoe.s. 

Koots, 

OTHER Foods. 

1 20 lb. Meadow bay 



2. 12 ,, Meadow hay 

40 lb. ManKolds 

— 

3. 5 ,, Lucerne hay . 

SO ,, MaiJKolds 


4. 10 Meadow hay . 


2r> lb Oat and tare »llage 

5. 7 ,, Meadow hay . 

30 Mangolds 

20 0;it and tare silape. 

6 - 14 ,, Oat straw 


3.'> ,, 0:tt and tare silage. 

7 21 ,, Oat straw 


1 2 Dried supar beet pulp 

10 Wet Brewers' prains 


The above maintenance rations illustrate tiie di\ ersitv of feeding, 
but probably rations 1, 2, 4 and 5 are th( last, and can be 
recommended. 

The winter f(*eding may be controlled by feeding the herd, or a 
certain number of cows, a detinite numV>erof trusse.sof hay, ‘‘ skips ” 
of roots or bowls of concentrates. The summer feeding on grass is 
more complicaU'd for the grass varies considerably from field to 
field throughout the yeai’ and also from season to sea.son. Cows 
giving over five gallons of milk should graze at most only for a few 
hours, for they may eat too much gra.ss and too little concentrates, 
with the result that their milk yield is depres.sed. For lower yielding 
CDWs, depending on average grass land, rationing should he on the 
following basis ; - 

A[)ril, May and .luiu' ^'ras.s - ManUenaiK-e and tjallons of milk. 

July graoH Maintenamo and 2 irnllons of milk. 

August groHs -- MainU'iiance ai»<l i I gallons of milk. 

So|)toinbor grass Maintonanco and i gallon of milk. 

There are hig variations in both district and sea.son, hut the 
cow supplit's the best iFilormation on her requirements, for if her 
yield drops it may be assumed the grass is ik» 1 as good as anticipated, 
and more eoneentrat(‘d foods should be fed. In some districts 
where the grass fails, lucerne, imiize, kale or cabbages are fed on 
the grass to provitle the maintenance ratioii. 

Usually, live months after pregnancy, there is a detinite fall in 
a cow's milk yield. This may be so great in a poor producing 
cow tiiat she becomes dry immediately, hut a good producing cow 
may milk till her next lactation. A cow .should have at least 
six or eight weeks dry period at the end of one lactation before the 
next commences. This enables her to recuperate in flesh, glandular 
tissues and minerals, for lactation exerts a big strain upon an 
animal. A cow's milk flow may be stopped by suddenly ceasing 
to milk her. This is quite safe if she gives no more than 15 — 20 lb. 
daily, but questionable if she is giving a greater daily yield. As 
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an alternative she may be milked less thoroughly daily and then 
only on alternate days. Whichever system is adopt^, no con- 
centrated foods should be fed till the milk flow has ceased. She 
may then be fed freely with concentrates to facilitate strong 
reserves. 

Dairy cows must have large quantities of good drinking water 
when lactating, e,g., a cow giving five gallon^ of milk may require 
15 gallons of water daily. Ideally, all cows should be able to drink 
at will, but that is not always practicable. 

As milk contains a high proportion of minerals a high yielding 
cow must receive an additional supply unless they are being obtained 
from grass. The easiest way of feeding these is to mix two per 
cent, of sterilized steam bone flour into the concentrated foods. 
In addition cows should always have access to salt, which may be 
provided in the form of blocks of rock salt 

In some districts cows are milked out of doors during the summer, 
but generally they are milked in a milking shed. The winter 
management is very variable. In warm sheltered districts the 
cows are housed only during milking, either in a small milking 
shed or a portable shed holding as few as six cows. Other cows 
are kept in the milking shed for the entire winter, and are fed, 
watered and milked in the same shed. Obviously it must be well 
lighted, and ventilated and have a good easily cleaned floor. On 
other farms the cows are kept in covered or open yards except for 
milking. This is the ideal housing system for the cow\s have free 
movement and lie well sheltered in covered yards. The milking 
shed must have a good floor, but light and air an? less essential 
than when cows live entirely in the cow shed. 

Opinions differ regarding the time at whic^h the (low manu- 
factures her milk but it is w^ell known that the yield obtained at 
a milking is greatly influenced by circumstances and by the milker. 
As cows are nervous animals a cowmian should milk quietly, quickly, 
gently and thoroughly. The last dro]) of milk should be obtain^ 
at each milking for it contains the highest j)ercentage of butter 
fat, and if allowed to remain in the udder it retards milk pro- 
duction. Cows may be milked by wet or dry hands or by machine, 
but if well done the dry hand method is preferred, wet handed 
milking is unnecessary and often re.sults in dirty milk. 

During the last few years the mechani.sm of the milking machine 
has been so improved that with goud operators it may be used 
advantageously in a herd of over 30 milking cows. Although it 
saves labour during milking, extra time is required to wash the 
machine. It must not be left on a c(jw too long, for eventually 
she may give her milk too slowly, and each one must be hand 
stripped to obtain the last drop of milk, to massage the udder, and 
to see that it is quite sound. 

The disadvantages of the method are that old cows may not 
settle to machine milking, and its use complicates milk recording, 
for the milk of each cow has to be kept separate until the strippings 



MILK RKCOHDINO 


541 


have been obtained. In such cases the cows are usually recorded 
only for one day per week. Another disadvantage of the machine 
is that it may spread disease, but no evidence can be given to support 
this claim. The normal hours of milking are for twice daily, 
5 a.m. and 3 p.m. and for thrice daily 5 a.m., 12 and 9 p.m. 

During the last thirty years milk marketing has been completely 
reorganized, for instead of milk being produced in small, badly 
ventilated cellars in the centre of towns, it is now produced on 
farms possibly over a hundred miles from the consuming centres. 
Thus milk is required to keep sweet for a longer period. The 
keeping quality is largely influenced by the bacterial content, 
which in turn depends on the cleanliness with which the milk is 
produced. 

Elaborate buildings are not essential for clean milk production 
but floors and walls which can easily be cleaned minimise the 
work. The shed must be well lit day and night to enable the cows 
to be thoroughly cleaned before milking and to discourage bacterial 
growth. The milkers must wash their hands before milking each 
cow and they must wear white overalls. All milk must be removed 
from the shed as soon as it is taken from the cow and cooled to 
56° F. All utensils used for milk must be cleaned immediately 
after milking by first rinsing in cold water, then scrubbing with 
warm water, and finally by sterilizing with steam. They are 
preferably kept in a sterilizing chamber until next required. If 
clean milk is to be produced this sterilization of the utensils is 
essential. It is easily effected with an inexpensive boiler. 

In laboratory tests it is found that clean milk contains compara- 
tively few bacti?ria per cubic centimetre and no coliform organisms 
(which frequent dung), but dirty milk may contain millions of 
bacteria per cubic centimetre and an abundance of coliform 
organisms. Some purchasing firms give a bonus according to the 
cleanness of the milk. 

A farmer may keep records of the production of his individual 
cows himself or ■ through a local milk recording society. The 
latter course has the advantage that the records are authoritative. 
The milk may be weighed either at every milking in her lactation 
or at each milking on one day of every week. Daily recording 
gives the exact production record. It is thus a check upon the 
milk sales, and further it gives some information as to the health 
of th(‘ cows, for the first indication of an illness is a fall in the 
milk yield. 

Milk recording provides the only economic means of feeding ; for 
concentrates should be fed according to milk production. Further 
it assists the breeding policy, for it indicates the best cows from 
which to build up a future herd. Milk yields are also essential to 
evaluate a bull, for the milk yield of his daughters can be compared 
with those of their dams. Finally, milk recording increases the 
capital value of the herd by forming a basis for the selection of the 
best milkers. 
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Of all the factors influencing a cow’s milk yield breed is the most 
important, e.g., Hereford and Freisian. Other important factors 
must, however, be remembered when comparing the milk yields of 
cows. Lactation is aided by a long dry period before calving, by 
autumn calving, by delayed service after calving, and it reaches a 
maximum at six to seven years of age. It has been shown that 
the frequency of milking increases the milk yield. If a cow is 
changed from milking twice daily to three times daily, then she 
may give 10 per cent, to 20 pi^r cent, more milk and a still further 
increase may he obtained by milking four times daily. The daily 
milk production of a cow is subject to fluctuations brought about by 
changes in her health, in food, and in temperature. Young spring 
grass, roots, brewers’ grains, and possibly sugar hevX pulp stimulate 
milk production, but old meadow grass affects it adversely. 

The percentage of butter fat in milk varies considerably between 
individual c'ows and breeds, but in addition the percentage of fat 
in a cow’s milk varies throughout her life time. The highest fat 
percentages arc obtained when the cow is young. TowanJs the 
end of each lactation, as the milk yield falls, the fat percentage 
increases, but not in inverse proportion to the milk yield. Feeding 
may influence the fat percentage, for the sudden addition of linsc^ed 
to the ration stimulates fat production, while cod livc'r oil and some 
milk stimulating foo<l.s have the opposite effect. Irrespective of 
the frequency of milking the lowest fat is obtained at the morning’s 
milking. This may be exaggerated if the morning milking is laU'r 
than usual, and the legal minimum of three per cent, butt^^r fat 
mav not be readied 

Dairy Males. — Before bull management is described, the utiliza- 
tion of culled bull calves may be considered. Many bull calves 
are sold annually for veal by dairy farmers. To obtain good veal 
a few general firinciple.s must be observed, (kimmencing with a 
big calf at birth, it is fed entirely on whole milk and sold when 
three months old, cat a weight of 200 — 250 lb. As foods other than 
whole milk produce discoloured flesh, to obtain th('. best (piality 
the calf must be fed with whole milk, preferably three times daily, 
at a maximum rate of two and a half gallons per day. If exercise 
is discouraged by keeping him isolated in a dark shed he should 
gain one pound live weight for each gallon of milk fed. 
Unfortunately calves are nu^st plentiful whcui the milk reachon tlie 
best retail prices. Veal commands a good price at Easter. 

Bull management may be divided into rearing, age to use for 
service, and breeding. Bull rearing is an excecMlingly expensive 
and specialized business for the bull must be wt^ll grown U) (M)inmand 
a good selling price. A bull calf may suckle either his own dam, 
a foster mother, or in some cases more than one foster mother 
simultaneously till he is 15 months old. In addition he should 
receive concentrates similar to those fed to dairy heifers. He 
needs daily attention and handling by thoroughly grooming and 
exercising. The exercise may be obtained by letting him run on 
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grass with the cow he is suckling or by leading him by a halter on 
a hard road. The bull calf must be controlled cotn])letely for he 
may be exceedingly troublesome if not mastered. Thus when he 
is al)Out six months old a light, copper ring should be passed through 
his nose, to facilitate handling. For a short time the nose may be 
tender, but after several months when it has hardened lie may be 
tied up indoors by the ring. Then he may be led with a halter, 
and a staff in the ring for safety. 

As with heifers so with bulls, the age to commence breeding 
depends largely upon the breed and the develojiment of the bull. 
Usually a shorthorn bull may be used for service when 12 — 15 
months old, provided services are limit€*d to or.e per week until 
he is IK months old. If no limitation is imposed the bull’s lireeding 
life may b(‘ reduced. When the bull is first usf*d for service care 
must be taken to see that he is adequately fed l(‘st his growth be 
impaired. No definite system can be given for it depends largely 
U])on his condition. For successful breeding he must be in good 
store condition. 

hh’(‘quently tlu' bull is the most m^gh'cted and worst housed 
animal on the farm for he is often put int(') a small box, never 
exercis(‘d, ch'aned or groomed and only taken out for service. 
With such tn^itinent the bull may become bad tempered. The 
housing of the bull is im])ortant for he should be near the cows 
yet (‘asily exiTci.sed. (iood systems of housing are either a bull 
yard with two sections, an ojien concride yard for exercise and 
service and a ('ovcTcd yard for shelti'r or a well feiuaal half-acre 
field with slu'Iters. Me may settle bettiT if a cow runs with him. 
If th(‘ bull is kept in a box with no provision for exercise then he 
should be taken out for half an hour’s (‘xircise daily. This is 
frrtj uiuit ly omitted, d’he exercise should be on a hard road to keep 
his lioof short. If it becomes long it must be trimmed. 

As no one can for(‘cast the real vahie of a young bull, he must 
be so manag(‘d that if n(‘ce<sary )i(‘ may be u.scmI for breeding as 
Jong as h(' is fertiU*. Tliis may be until he is over ten years old. 

Beef Breeding Stock. A mild climate and good grassland are 
tlu' t wo (‘ssentials of a Ix'cf breeding farm. The breeding is arranged 
HO that the birth of the calves coincides with the spring growth of 
grass. Usually the cows t'alve on the grassland without any 
assistance, wliere they are born lH*althy. d’lu' stockman must see 
that the calves suckle and that the cows cleanse. This may be a 
difticuit matter for .som(‘times a cow eats the afterbirth or 
' cleansings. ’’ d’he sole food of th(‘ eow is grass and of the calf 
milk and, later, grass. Wlien stock have access to young luscious 
grass in a fresh pasture, or after rain, care must be taken lest they 
scour or become blown. Jf a large quantity of grass is consumed 
it feriiK'nts ra})idly in the rumen (stomach), the barrel becomes 
distended, presses on the heart and lungs and the animal may die. 
If the grass is suspected the stock must either be turned in only 
for a few hours and then transferred to other grass for most of the 
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day, or some supplementary foods must be given. When essential 
either undecorticated cotton cake or a small quantity of hay may 
be fed. 

At the end of the summer the calves are weaned and the steers 
may then be sold, but the bull calves are fed and managed similiarly 
to dairy bulls. They may suckle till they are almost twelve 
months old. In sheltered districts the weaned calves may remain 
on grassland all the winter but in others they should be housed in 
yards and fed cheaply with hay, roots, and possibly concentrates. 
In the spring the yearling heifers should be turned out to grass 
again and bulled when 15 months old for it is too expensive to 
keep them a further year before breeding If early breefiing reduces 
the size, it is not important for the heifer will have a six months 
dry period after suckling in which to recuperate and grow. 

Three months after calving the bull is run with the herd, or in 
the case of a big herd the females may be grouped in different fields 
according to their ages, and a bull turned into each group. The 
parentage of calves will be known but the exact date of service and 
the subsequent calving of the cows is not recorded. This is not 
necessary with a beef herd w^here their dry period is usually about 
six months. 

The in-calf cows and heifers receive no special feeding or raanag(?- 
ment unless during the winter there is frost or snow, when they 
may be given, reluctantly, a little hay. This may make the cattle 
poor foragers. In winter with limited housing accommodation the 
in-calf heifers may be housed while the cows remain on grass. 
Larg(‘ yards facilitate littering and feeding with roughages and .so 
reduce labour costs. 

The essential feature of beef breeding is to use the minimum of 
labour throughout the whole year. 

Beef Fattening Stock. — During the last f(‘w years the beef 
industry lias been alt'Ted by the demand for small lean joints 
This ehange is more j>ronouneed in the south of England than in 
the north. Small joints are obtained by killing tlie cattle for 
baby beef at 15 months and for mature beef at two and a half 
years, wherc'as mature beef used to be killed when four or five years 
old. 

In this eountiy the cattle fattened for beef arc of several ty]:)es 
and many breeds. Tlu^}^ are d(irived (uther from the beef breeds, 
or by (TOSS brocading, or they are the by-products of the dairy 
industry. 

As only a few of the beef bull calve.s born will be required f(ir 
breeding the majority are castrated wh(‘ii two or three months old 
and either kept and bid with the heifer calves (jr sold at weaning 
time. Castration may be effected by the common metliod of 
cutting oft the bottom of the scrotum and tluui drawing out tht 
testes and glandular ap])endage8. Anotiier rnijthod which is less 
liable to cause infection is to use a 8i>ecial castrator to crush the 
cord of the testis. This causes it to atrophy. To perform the 
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operation first place a collar round the calf’s neck, throw it on its 
side and tie its upper hind leg to the collar. This exposes the 
testes. One person then holds the calf down, another manipulates 
the castrator and a third person locates the testes. The most 
important consideration is to ensure that the testis cord is crushed. 
£ach cord in turn is pressed to the side of the scrotum and crushed 
by closing the castrator handles and for certainty each cord is 
crushed in two different places. After releasing the calf runs about 
little harmed but for a few days afterwards the scrotum may be 
swollen and the calf may be stiff in his hind legs. 

The castrated bull calves may run with heifer calves not required 
for breeding. The steers may be sold either as stores or kept and 
fattened as mature beef. As each beef cow produces omy one 
calf per annum the calf has to pay not only for its own food and 
labour but also for that of its mother and then leave a profit. The 
culled animals are usually kept for mature beef rather than baby 
beef because there is less chance of making a profit with the smaller 
animals. Store stock from breeders’ farms may be sold when 
six months old or at subsequent six-monthly periods for either 
spring or autumn feeding. 

It is possible to produce stock for fattening by crossing breeds : 
beef with either beef, dual purpose or dairy, or again dual purpose 
with dual purpose or dairy breeds. Thus with the many breeds 
of cattle in this country the possible combinations are numerous. 
Experience has shown that cross-bred animals frequently thrive 
better than either of the parent types and make bigger live weight 
gains. This is illustrated by the famous blue-greys, the parents of 
which are Galloways and Beef Shorthorns. 

Most of the beef-cross animals, and those from the beef and 
dual purpose parents, will be sold when two and a half years old. 
Few will be kept for baby beef which cannot be produced economi- 
cally with animals of these types. When dual purpose or dairy 
herds are kept for milk and crossed with a beef bull many of the 
progeny may be fattened for baby beef. 

The cows milked in this country are dual purpose, dairy and 
nondescript. The bulls are varied also, thus many buU calves and 
poor heifers are bom and eventually fattened. These animals are 
so numerous in some districts that they monopolize the markets. 
Many of these dairy by-products calves are sold when about a month 
old, or they may be retained for veal and baby beef production 
but rarely for mature beef. Calves may be purchased by rearing 
farmers who keep them till they are about six months old. Then 
at each spring and autumn, such animals are sold as stores through 
the local market or dealer either to graze or to eat roughages and 
roots in yards during the winter, and to tread down straw to dung. 
Finally these animals are bought when two or three years old for 
fattening either on grass or in yards. 

Recent statistics show that many cows are culled annually from 
the dairy herds with udder and breeding troubles. With the dual 
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heifer when sold is ss vslusblc as a bullock. Older cows, if well 
fattened, produce much suet and may be sold during the winter 
for over £20 e&ch. As these cows do not command a high price 
the fattening costs are kept to the minimum. Usually such cows 
run with the herd and receive concentrated foods slightly in excess 
of their milk production requirements. They are quite fat when 
dry. 

Thus it will be seen that the fattening stock for mature beef is 
obtained from all sources, but baby beef only from dual purpose 
and dairy parents. As the feeders are not the breeders many poor 
type stock are bred for fattening. 

Various ways of feeding are required for the production of baby 
beef, mature beef produced in yards and mature beef produced on 
grassland. 

Baby Beef Prcduction. — During the last few years baby beef 
production has increased and stock are commonly sold fat at 15 
months old weighing nine hundredweights. Such stock have no 
store period and for their whole lives are housed in sheds or yards. 
Frequently they are born, reared, and to retain their calf flesh, 
fattened on the same farm. Stock for baby beef production are 
rarely purchased except from a known source for they are required 
to grow and fatten simultaneously and only early, well-bred stock 
will do this. 

Feeding for the first three months is the same as for dairy 
calves, but subsequently it is more liberal as shown by the table 
on p. 547. 

During warm weather in the summer, silage or green food is 
essential to maintain the appetite. Whilst receiving milk, the 
calves need individual pens, but later labour can be reduced by 
putting several together in yards or boxes. The final fattening 
must be done in either covered yards or boxes. 

Several advantages are claimed for baby beef as compared with 
mature beef. These are (1) the store period is eliminated ; (2) by 
selhng at an early age capital is more frequently turned over, so 
increasing the chance of profit ; (3) if the prices are bad, baby beef 
stock may be held for a time, but mature beef must be sold when 
fat, irrespective of prices ; (4) the stock may be sold between the 
marketing of grass fed and yard fed beef and so command good 
prices ; (5) baby beef produces the popular small joints. 

On the other hand the disadvantages of the system are : (1) 
higher labour cost ; (2) higher demand for concentrated foods ; 

(3) difficulty of utilizing coarse fodders ; (4) difficulty of finding 
labour for summer stock feeding ; (5) soihng or silage crops must 
be grown to keep them feeding ; (6) the meat is said to be bony 
and of poor colour ; (7) some animals grow and will not fatten. 

Because of these difficulties some stock may have to be sold 
as beeflings when 18 to 24 months old. 
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Yard Fattened Bullocks. — Arable farms produce large quantities 
of roughages and roots for which there is no sale. These foods 
may be efficiently utihzed by bullocks. Bullock fattening has been 
very popular, but of late it has been less profitable than dairy 

E reduction, and on some farms bullocks have been replaced by cows. 

a addition, on arable land large quantities of straw must he con- 
verted into farmyard manure, and bullocks have been the medium 
employed. All of the com can rarely be sold off the farm and the 
tail com left may be fed to cattle. As the feeding is to utilize 
bye-products they may be fed liberally and purchased foods so 
r^uced to the minimum. 

When feeding bulky foods the yards must be arranged to save 
labour. All yards should be in direct communication with the food 
supplies, preferably by a covered passage. Each yard should be 
large enough to hold 10 to 20 bullocks. The bullocks may be 
sold fat any time after Christmas, but mostly in February, when 
weighing about 12 cwt. 

Grass Fattened Bullocks. — On the best grassland of this 
country it is possible to fatten a bullock in 16 weeks without any 
concentrated feeding, and to gain two pounds weight daily. Such 
grassland is usually stocked in April with large bullocks at least two- 
and-a-half years old. The graziers state they must have old animals 
for they make better live weight gains, fatten more easily and suffer 
less from scouring. Experience has shown that younger animals 
scour very badly and need concentrates to be fattened. Thus 
large old steers are purchased which are difficult to sell when fat. 
Such land is really only suitable for fattening old stock, and unless 
supplementary foods are fed it should not be used for younger 
stock. 

Killing percentage. — No account of meat production would be 
complete unless some mention was made of the killing percentage 
of cattle, for it is of great importance to the butcher who buys cattle 
on their live weights. The killing percentage of an animal is obtained 
after taking its dead w^eight, after the intestines, hver, heart, lungs, 
skin, head, feet and tail have been removed as a fraction of its 
live weight. The loss of weight is influenced largely by the contents 
of the intestines. Butchers prefer to kill bullocks after about 48 
hours fasting, and such animals kill a high percentage if weighed 
just before killing. 

A well-fattened bullock kills a high percentage, for he has a 
high proportion of flesh to offal. Usually a young bullock does 
not kill as well as an equally well flesh^ older animal, for the 
younger bullock has a higher proportion of intestines. 

An average killing percentage is 66 per cent, but it may easily 
exceed 60 per cent, or even 70 per cent, in a well finished bullock 
fasted before killing, but a poor bullock may kill under 60 per cent. 
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CHAPTER XXIL 

SHKKP : THEIR MANAGEMENT AND BREEDS 

Sheep have always played a very important part in British 
Agriculture. Famous for their wool, for which in the form of cloth 
there was always a ready market abroad, they laid the foundations 
of our prosperity as an industrial nation. Sheep are no longer 
kept in this country principally for their wool, but for their mutton, 
wool being but a secondary consideration. 

To-day tliere are various systems of keeping sheep, where 
formerly there was but one, the extensive system. With the 
introduction of the root crop into British agriculture other systems 
became possible and the sheep became a factor in the economy 
of the ploughland farm. 

It is possible to distinguish three systems under which sheep 
are managed, though we must bear in mind that there are no hard 
and fast divisions between one system and another. 

Mountain Shepherding. — This is an extensive method. Large 
flocks of small, hardy, active breeding ewes are kept on unfenced 
moor and mountain, subsisting under very adverse conditions of 
soil, climate and altitude, and receiving little food beyond what 
they can pick up, except in severe weather. Such ewes produce a 
4 lb. fleece of wool, and about 90 per cent, of weaned lambs. From 
the nature of the case lambing is late, and does not start before 
April or May. With the exception of those required for breeding 
purposes these lambs are mostly sold as stores, to be fattened 
elsewhere, under more kindly conditions, and are fed off at a com- 
paratively early age. When wool was more valuable than it is 
to-day these lambs were often kept until they were two or three 
years old, for the sake of their wool, and were eventually fattened 
off a.s mature animals on the hill itself. Mutton of this type was 
very highly esteemed. The regular draft ewes from these hill 
flocks are sold for crossing purposes on the lower and bettc^r farms, 
and after one or two crops of cross-bred lambs have been taken 
from them they are fattened off. 

Grassland Shepherding. — This consists usualh" in breeding, 
but sometimes in feeding as well. A flock of one of the large, long- 
woolled types of ewe is either crossed or bred purci. The ewes are 
kept on grass all the year round. In the winter they are spread 
very thinly over the pastures, and are fed hay in addition if the 
grass is scarce and weather severe. Lambing takes place in the 
open fields towards the end of March and in A])ril. There is little 
advantage in having lambs before the advent of grass. The 
lambs may be simply run on as stores and sold for fattening as 
tegs or hoggets on turnips, or may be fattened off as lambs straight 
from the ewe. The latter method entails, as a rule, feeding a 
liberal allowance of cake and corn to the lambs througli creeps. 

On the best grassland a certain amount of buying in of store 
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sheep in the spring is practised, the sheep being fattened out during 
the summer as shearlings. It may be noted here that in order to 
get the maximum amount of grazmg from pasture land a mixed 
stocking is desirable, cattle, sheep and perhaps a very few horses. 
It is certain that the minimum amount is obtained when the 
stock consist exclusively of sheep. The best proportion of cattle 
to sheep varies from farm to farm, and can only be decided by the 
individual farmer. Grassland sheep have undoubtedly been 
gaming ground for the past few years, and there is a steady and 
increasing migration each year of sheep of this type from Scotland 
and the north of England to the eastern and south eastern 
counties. 

Ploughland Shepherding. — ^This ty]:)e of shepherding often 
consists simply of buying in store sheep bred under grassland 
conditions, and fattening them out on roots in the winter. It 
may also consist of breeding, one of the short-woolled Down breeds 
being usually employed. Lambing is generally early, and if the 
production of fat lambs is aimed at, will start about Christmas 
In any case it is rarely delayed after the end of February. The 
lambs are either sold fat early in the season, or they may be retained 
as stores either for sale for fattening elsewhere, or more often for 
fattening as hoggets during the winter on the farm on which they 
were bred. Of late years, owing to the high cost of labour and the 
consequent decline of root growing, ploughland shepherding, 
particularly the maintaining of breeding flocks, has become less 
popular. Apart from the production of early fat lambs (which 
are a luxury and for which a luxury price must be obtained if they 
are to be profitable), and j)ure-bred flocks kept for ram breeding, 
it would seem difficult to justify the maintenance of such a flock 
at the present time. 

MANAGEMENT OF A BREEDING FLOCK OF DOWN SHEEP 
UNDER PLOUGHLAND CONDITIONS 

Where a breeding flock is maintained on an arable farm the 
farmer has to look well ahead in order to secure a succession of 
appropriate folding crops, and he has to decide a considerable 
time beforehand whei-e each section of the flock is to be located at 
any given pericxi. Even the site of hayricks and cornstacks is 
often determined with a view to affording a convenient supply of 
hay and straw at lambing time, with as little carting as possible. 
On such a farm the shepherd plays an important part, and much 
will depend upon him. He must therefore be a well qualified man 
of sound exj)erience, intelligent, thoughtful and methodical. 

From the point of view of the management of the flock, the 
year divides itself into three periods. 

3 months : the flock empty. 

5 mouths : the flock in lennb. 

4 months : the flock suckling their iambs. 
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The first period commences as soon as the lambs are weaned. 

Weaning is done at various ages from 8 to 16 weeks, depending 
on a variety of circumstances, the former perhaps with lambs not 
dropped until late in April, for by June and July there will be an 
abundant supply of suitable food available on which to wean them. 
With lambs topped in January or February this is obviously 
impossible. Fat Jambs are not weaned at all but are sold 
straight oif the ewe . 

Under ploughland conditions weaning is done gradually through 
creeps. The lambs at a very early age are encouraged to pass 
through “ creeps or “ lamb hurdles into the fold ahead of their 
dams. Here they pick over the best of the keep, and are fed cake 
and corn in addition. As weaning approaches they may be shut 
away from their dams for longer and longer periods. With grass- 
land flocks weaning is more difficult as creeps are not used. When 
the lambs are separated it is advisable at first to remove them out 
of earshot of the ewes. The lambs will be put on to some first- 
class keep which has been specially reserved for them. A fold of 
clean sainfoin is perhaps the ideal. The ewes will be given a 
scanty fold, or put on some bare pastures. During this period the 
flock is unproductive, and may be fed on a maintenance ration 
only, the ewe flock at this time being one of the very few instances 
where such a ration should be employed. The aim of the flock- 
master will be to maintain the ewes as cheaply at this time as 
possible consistent with keeping them healthy. 

As soon as the lambs are weaned the flock will probably be 
“ culled,” that is those ewes which it is considered would be un- 
profitable to retain in the flock for another year will be withdrawn. 
Ewes may be culled for a variety of reasons such as lost quarters, 
broken mouths, sterility, poor milking qualities, etc. In some 
flocks all ewes which have reached a certain age (having had three 
or four crops of lambs) are withdrawn. If sound, these ewes will 
not be ” culls,” but will be “ regular draft ” ewes, and may be 
sold for breeding purposes to those who keep ” flying ” flocks. 
The culls on the other hand are not suitable for breeding and 
will either be fattened off by the flock-master himself or sold for 
someone else to fatten. 

This is an opportune time to go through the flock for signs of 
foot rot. On some farms the complaint is very troublesome, and 
it is wise in such cases to treat the ewes systematically at frequent 
intervals to prevent an outbreak. Treatment should never be 
left until the sheep are lame. As a preventative, the sheep may 
be put through a foot bath of copper sulphate at intervals. Any 
suspected sheep should be caught and their feet pared and dressed. 

Shearling ewes are bought in annually to take the place of the 
culls. These shearling ewes will thus be two years old when they 
produce their first lambs. Breeding from ewe lambs is unusual 
and is not recommended. If practised it is essential that they should 
be well fed during the whole of the winter, that they should 
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not be mated to the ram too early in the season, and that the ram 
chosen should be of some small breed, such as the Southdown. 

The gestation period in a ewe is roughly 154 days. The date 
of “ tupping (the mating of the ewes to the ram or tup) will 
vary. If early fat lamb is aimed at the ram may be turned in 
in August, by which date a great many of the ewes of Down breeds 
will have started coming into season. On the other hand with 
grassland breeds tupping may not start until November, the ewes 
lambing in April. Indeed it is doubtful if ewes of grassland breeds 
could be mated in August, even if desired, as ewes of this type do 
not as a rule come into season until later. 

Before the ewes are put to the ram they are “ flushed.” This 
simply means that their food is improved, the aim being to get 
the ewes into good and improving condition when put to the ram. 
If this is done the ewes come to the ram quicker and so the period 
of lambing is reduced, conception is more likely to take place, 
and the proportion of twin lambs will be increased. 

This flushing may be done by bringing the ewes into a fold 
of some succulent fodder crop which has been growm or saved 
specially for the purpose, or on to some good grassland not previously 
sheeped that season. 

The ram is half the flock, and a breeder must always be a 
buyer of rams even though he be a ram breeder himself. Such a 
man, however, will always use a good proportion of his own home 
bred rams. Uniformity in a flock, or flock type, is very desirable, 
and can scarcely be achiev’ed without some degree of inbreeding. 
The utmost care must be taken in the selection of the ram as to 
health, constitution and conformation. It is wise to prefer quality 
to size. Buying one w ith a blatant fault common to that particular 
breed should be avoided. The flock-master should always aim at 
buying a ram better than the ew^es to which he is to be mated. 
The following points are important and apply to all breeds : — 

Bold masculine head, with tliick muscular neck and pole, wide 
forehead, full eye and broad nostril. Body level and square, well 
ribbed up, and showing great length, straight broad back, chest 
wide ; well covered all over with the characteristic wool of the 
breed. In addition the ram must be activ^e and sound. Although, 
as has already been said, it is unusual and as a rule inadvisable to 
breed from ewe lambs, this is not so in the case of rams. With 
the early maturing downi" breeds, ram lambs axe preferred to old 
sheep. 

Where possible it is preferable at this time to divide the flock 
up into small lots, turning in a single ram with an appropriate 
number of owes. In this way each ram will servo from 40 to 60 
ewes according to the age and breed, whereas when all the flock are 
together not more than 30 to 50 ewes per ram would be considered 
safe. When the ram is turned in he is coloured on the breast, so 
that any ewe he serves is marked. In this way a check is kept 
on the number of ewes that are being served. All ewes should be 
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marked by the ram within 28 days. At the end of this time the 
colour put on the ram is changed so that it may be seen if many 
ewes are returning, and the ewes which will lamb later than the 
rest can be identified. 

As soon as the ewes are clear of the ram they should be over- 
hauled for foot rot once again. During .the five ifionths of pregnancy 
the aim should be to keep the ewes in good healthy condition, 
neither getting them fat nor allowing them to become thin and 
weak. They need constant watching, any carelessness possibly 
being reflected in lambing weeks later. 

It is most important that the flock at this time should have 
plenty of dry food, and should never be allowed to gorge themselves 
with roots. It is the general experience that a good root year is 
followed by a bad lambing. The ewes are best when given plenty 
of run on old seed leys and pastures, and roots if fed should be 
limited in quantity and dry food given in addition. Frozen roots 
should never be fed. Pregnant ewes should never be grazed on 
unsound land in late summer or autumn, but may be perfectly 
safe on the same land in the spring and early summer. Thus 
water meadows afford a good and safe feed for ewes and lambs 
from March to May, but should not even be walked over late in 
the season. 

The shearling ewes will need careful watching, and may require 
more liberal treatment than the older sheep as pregnancy ^vances, 
and certainly when suckling. 

The flock should have somewhere dry to lie. Cold weather 
does not hurt them but prolonged wet may, and dui’ing very wet 
weather they should be withdrawn from the arable land and laid 
on grass. Trough feeding of in-iamb ewes is to be avoided if possible, 
but if it be necessary it should be commenced in good time, for to 
regain condition once it is lost at tliis time is ver}" expensive at 
best, and is not always possible. There must be plenty of troughs 
and food must be given with regularity. Suitable foods are oats, 
bran, beans, and dried grains. In-lamb ewes should never be 
allowed to become ravenously hungry, nor should they be dogged 
or over driven. 

The quantities of food consumed by a flock of in-lamb ewes of 
one of the Down breeds will be roughly from half to tliree quarters 
of a load of roots per 100 per diem together with dry food which 
may start by being oat and pea straw fed at the rate of ^ to j cwt. 
per 100 ewes daily, and will be gradually replacred by hay as preg- 
nancy advances. If necessary half a pound of concentrated food 
per head per day may be fed in the last month of pregnancy. The 
ewes should not require cake or corn for eight months of the year, 
the time when money may be most profitably spent on concentrates 
for them is when they are suckling lambs. 

In some districts it is the custom to run ewes thinly on grass- 
land up to Christmas, bringing them on to the roots when lambing 
commences. In such cases, if hard weather is experienced before 
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the end of the year, a little hay and a few roots may be given on 
the pasture. 

Lambing is the time of heaviest mortality, but the troubles 
have generally been contracted earlier. Losses of five per cent, 
of the ewes are quite the rule and are viewed with complacency. 
With ploughland and grassland flocks this need not and should 
not be. 

With the mountain breeds lambing is late, but apart from 
bringing the ewes into sheltered spots, and getting round them as 
often as possible there is little that can be done. Again under 
typical grassland conditions, with lambing in March and April, 
little is done. A few thatched hurdles will be scattered about the 
fields to provide shelter. Of course the shepherd under these 
oonditions is able to give the ewes far more attention than is possible 
under mountain conditions. Any bad cases are confined in pens. 
Moreover the ewes are fed if the grass is backward. 

Under ploughland conditions, with lambing in January and 
February, more elaborate preparations are essential. Shelter of 
some sort is im{>erative, and a temporary lambing yard built with 
straw and hurdles is universally adopted. Around the inside of 
the enclosure small coops or compartments are hurdled off. The 
shepherd will remain night and day with his flock during this time, 
and a hut will be provided for him with stove and firing. The 
shepherd brings all forward ewes into the lambing yard at night. 
As soon as a lamb is born, it and its dam will be removed into one 
of the coops, and there remain for three to four days until the lamb 
is able to follow' its mother without difl&culty and until they 
know each other thoroughly. In the lambing yard the ewes receive 
some cake and corn, with roots and hay. After two or three days 
in the coops the ewes and lambs will be transferred into one of the 
bigger yards of the lambing pen, and from thence out into the open 
fold at from four to seven days old, depending on the weather and 
the strength of the lamb. The ewes suckling singles and those 
with twins are usually kept apart from now onwards, the latter 
requiring more generous treatment. Cold driving rain is the severest 
weather for lambs. At an early age they should be encouraged to 
run forward through creeps in the hurdles, and to nibble the young 
shoots of turnip tops, etc., and eat a little special cake and corn 
provided for them in small troughs. 

Fecundity varies with the breed, as well as with other conditions. 
One hundred and fifty per cent, (reckoned on the number of ewes 
originally mated with the ram, and thus including any losses 
sustained during the five months of pregnancy, as well as any 
barren sheep) is very good indeed, and one himdred per cent, 
with a Down flock is poor. On the other hand under mountain 
conditions one hundred per cent, would be above the average. 

Feeding of Suckling Ewes. — The feeding of the suckling 
ewes must be generous in order to encourage milk production. They 
w ill probably be folded at first on swedes, thousand- headed kale 
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and kohl rabi, later on turnip tops and rape kale. The basis of 
the feeding will be roughly a ton a day of this sort of material 
per 100 ewes, together with about 1 cwt. of good hay. In addition 
the ewes may have some cake or corn, particularly those with 
twins. Creeps for the lambs are now a necessity, and the lambs 
are fed the very best of cake and corn, such things as linseed cake, 
locust beans, peas, malt culms, bran, flaked maize, and good 
heavy oats being much used. Rock salt should be available at 
all times. If the lambs are being forced they will often be given 
two folds a day of two different crops, and perhaps a run out on 
to an early piece of grass as well. In arable districts change of 
food is much relied upon to bring on the lambs rapidly, particularly 
ram lambs for breeding purposes. 

As spring advances the hay may be discontinued, and after the 
roots are finished perhaps a piece of rye which has been specially 
sown early the previous autumn will be available. This, together 
with mangolds, which have been set on one side for this purpose, 
will tide over a very difficult period between the end of the roots 
and the beginning of the seeds. Following this, such crops as oats 
and vetches, sainfoin, rye grass and trefoil, and other seed mixtures 
will be folded. When about three or four months old the lambs 
will be weaned as has already been described, with the exception 
of fat lambs which will go to market direct from their mothers. 

Under grassland conditions, where the lambs are not usually 
forced as on roots, only a little hay and a few mangolds will be 
fed to the suckling ewes, except, of course, in late seasons and when 
the weather is severe. Cake and corn may or may not be fed to 
lambs from these ewes. 

In practice, numerous modifications occur of the method which 
has been described, but the general principles are similar in all 
cases. A forcing diet is given when mutton and lamb is the 
immediate object, and merely a maintenance diet, save at certain 
periods, to the section of the flock kept for breeding x^urposes. 

Docking is more necessary for lowland than for hill flocks. 
Long tails mean filth, discomfort, and much damage from “ fly ” 
with lowland flocks. Docking is best done at a very early age 
with both ewes and rams alike. The tails may be simply cut 
with a knife, or seared off mth a hot iron. The latter method 
being cleaner and causing no loss of blood is to be preferred. The 
dock should not be left too long, nor cut too short, about three 
joints from the rump being the correct length. 

Castration should be done when the lambs are quite young, 
and before the flies get troublesome. Castration and tailing are 
commonly done together when the lambs are a week or so old. 
Genial weather without frosts at night is desirable. 

Washing may or may not be carried out. It consists of rinsing 
the sheep in clean cold water. The sheep are dropped into a stream, 
soused for a minute or two, and put on some clean grassland to 
dry afterwards. Enormous quantities of dirt are picked up by the 
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fleeces of sheep folded on ploughland in the winter. The loss of 
weight in the fleece as the result of washing may he up to 35 per 
cent, so that the price of washed wool must he considerably higher 
than unwashed to compensate for thi.s loss and to pay for the 
operation. Unfortunately the “yolk (i.€.,the grease) is washed 
out from the fleeces as well as the dirt, and an opportunity must 
be given for this to rise again before shearing. Hence washing 
takes place from 10 to 20 days before shearing. 

The date when shearing takes place depends a great deal on 
locality. The majority of sheep are shorn in May and June. 
Formerly shearing was entirely effected l)y hand shears, but is 
now very extensively done by sheep-shearing machines. The hand 
•hear is still used among small flocks. 

Dipping is now compulsory by an order of the Ministry of Agri- 
culture, in order to prevent sheep scab, a disease caused by a mite. 
It also destroys such pests as ticks, lice and keds, and in some 
degree helps to keep away fly. It is a simple operation by reason 
of the convenient swim baths tliat are made. Tlie best time to dip 
is as soon after shearing as the wool will hold the dip. Each sheep 
is immersed for a minute. The sheep should be cool and rested 
before dipping. A second dipping is fre(iucntly practi.sed latei in 
the season, though in certain counties a second dipping at a short 
interval is compulsory. Sheep dips are poisonous preparations, 
arsenic being the basis of the majority, with sulphur, soap, soda, lime, 
and mineral oils in addition. 

Fattening Sheep on Roots. — Many farmers who do not 
themselves keep a breeding flock require sheep to fold off their roots 
during the winter. These sheep are frequently purchased as 
store lambs at the big lamb sales held during the summer and 
autumn. “ Fresh ” or forward lambs which can be got fat by 
Christmas are sometimes purchased, and these are followed by a 
second lot which will be kept till the spring. In other cases more 
backward sheep will be chosen, and will be brought on slowly. 
The feeding differs with the condition of the lambs and the intention 
of the feeder. As a rough generalization it may be said that a 
fattening sheep will receive from 10 to 20 lb. of roots, J to J lb. 
of hay, and from J to 1 lb. per day of concentrated food, the con- 
centrates being increased progressively as the sheep become fatter. 
These concentrates will consist largely of starchy foods such as 
cereals, together witli about 25 jx'r cent, of some protein-rich cake. 
The rate at which the sheep fatten depends largely upon the 
attention and management they receive. Regularity of feeding is 
most important, as is also the comfort and well-being of the sheep 
After heavy rain when the fold is wet and muddy the sheep should 
be removed and laid on grass or an old seeds ley. The sheep will 
probably be folded on swedes after Cliristmas, and these should be 
ground for them. As long as the sheep are folding white turnips and 
marrow stem kale, they can feud for themselves, but after Christmas 
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when the tegs are losing their milk teeth the roots fed to them should 
be sliced if it is desired to fatten them rapidly. 

The Breeds of Sheep. — Sheep are of all animals especially 
influenced by their environment, hence the large number of pure 
breeds recognized in this country. 

These breeds may be classified in various ways such as Mountain 
and Lowland, Longwool and Shortwool, Blackfaced and Whitefaced, 
Horned and Hornless. We prefer to divide into three groups 
corresponding with three types of shepherding, viz.. Mountain and 
Moorland breeds. Grassland breeds or Lowland long- wools, and 
short- wooUed breeds which include all the Down breeds. 

As at the present time in this country mutton is always the 
primary consideration, it may be convenient before describing 
each breed individually to mention the points and chara^Jteristics 
desirable in sheep kept principally as mutton producers. 

The following description is taken from “ British Breeds of 
Live Stock,” published by The Ministry of Agriculture and Fisheries. 

(1) A wide, deep body, compact and well balanced, with an 
easy graceful carriage. 

(2) A well-carried head, characteristic of the breed, with 
good depth and strength of jaw, broad across the bridge of 
the nose ; full, bold, bright eyes, indicating both docility 
and courage. In a ram the head must be thoroughly 
masculine in character though not coarse ; in a ewe it 
should be more refined but not weak. 

(3) The neck thick towards the trunk, fitting well and evenly 
into the shoulders so that the junction is almost imper- 
ceptible, tapering to the head, arching slightly, medium in 
length, and free from “ throatiness ” at the junction with 
the head. 

(4) The chest broad, deep, and projecting well in front of 
the forelegs. 

(5) The back level and broad throughout its length (though 
some of the mountain breeds have sharp shoulder-tops or 
withers), with an even covering of firm and muscular 
flesh ; under and upper lines straight. 

(6) The ribs well sprung and deep. 

(7) The shoulders well laid and covered with firm flesh. The 
regions immediately behind the shoulders level and free 
from hollows. 

(8) The thighs and also the arms and the fore flanks, thick 
and fleshed well down. 

(9) The quarters long, deep, and wide, not drooping much 
towards the tail ; little space between them and the last 
ribs. 

(10) The legs straight, set wide apart, and not too long ; the 
bone clean and fine, neither coarse nor deficient. 

(IT) Feet fairly large, sound and hard ; pasterns strong. 
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(12) The characteristic wool of the particular breed to be of 
good quality and to cover the whole body well and evenly. 

Mountain Breeds. — The outstanding characteristics of economic 
importance in this type of sheep are hardiness and ability 
to thrive under adverse conditions. The sheep are small in size, 
extremely active, and their mutton is of the highest quality. The 
majority of mountain breeds are horned, though the horn is confined 
to the ram in certain breeds. As a rule the wool is coarse. The 
ewes are not very prolific, but high fecundity is hardly to be expected 
in a sheep which has to live on scanty grazing. 

The chief mountain breeds recognized in this country are : — 

Scotch Blackface Lonk Exmoor 

Cheviot Welsh Mountain Kerry Hill 

Herd wick Dartmoor 

Scotch Blackface. — This breed, as far as numbers is concerned, 
is one of the most important in the British Isles. It occupies 
almost exclusively all the higher grazings of Scotland, and is 
found in large numbers in the counties of Northumberland, Cumber- 
land, Yorkshire and Lancashire. Its origin is uncertain, but it 
seems probable that it found its way into Scotland from the north 
of England. The chief characteristics of the sheep are great 
hardiness and the fine quality of the mutton. 

The face and legs should be black or mottled, smooth and glossy. 
Both ewes and rams are horned, and the ram's horns should be large, 
not joined at the base, but springing level from the crown, and the 
spirals should circle the short ears. The tail only reaches to the 
hocks, and it is therefore not necessary to dock it. (Plate IX., 1.) 

The wool is a unique product. It is now used almost entirely 
by the carpet trade, and large quantities are exported to America. 
The fleece weighs on an average to lb. for ewes. It is wavy, 
loose and shaggy, nearly touching the ground. 

The draft ewes from hill flocks are purchased for crossing 
purposes. The Border Leicester ram is much in favour for this 
purpose, and the cross combines the size and mutton production 
of the sire with the quality and hardiness of the dam. In the 
north of England these draft ewes are frequently mated with 
Wensleydale rams to produce what are knoA\7i as Mashams.” 

Cheviot. — These white-faced sheep are native to the Cheviot 
Hills, though they have spread over most of Scotland and a good 
deal of England. They thrive best on grassy uplands and in 
Scotland are kept on the green hills, w^hereas the Scotch Blackface 
occupy the higher and heathery hills. For symmetry they^ are 
unequalled, being perhaps the most beautiful and aristocratic 
looking of all breeds ; both ewes and rams should be hornless 
though horns sometimes occur in the ram. The w^ool is of medium 
quality and fineness and the fleece averages about lb. 

Cheviots come next to the Blackfaces in their ability to subsist 
on the scantiest fare ; they can live through the severest winter 
without any artificial food, though when there is any depth of snow 
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hay should be given. When taken to lower and better land the 
Cheviot grows larger and will fatten rapidly. In these days most 
of the lambs, with the exception of those required for breeding, 
are fed off within the year, many of them being sold to arable 
farmers to fatten on roots. For this purpose they are docked 
close. The draft ewes from hill flocks sell readily to Lowland 
farmers for crossing purposes. They are mated with Border 
Leicester rams to produce the far-famed “ Half-Bred ” of the 
North Country. 

These “ half-breds ” are in great demand for breeding purposes 
all over England and as grassland sheep have few equals. They 
are hardy and vigorous, tliriving amazingly under the improved 
conditions. They are very prolific and good mothers. When 
mated to Suffolk or Oxford Down rams they produce lambs which 
can either be fattened as lambs on the grass or folded on roots in 
the winter. 

It is interesting to note that these half-bred sheep breed fairly 
true to type when mated together, though the first cross is reckoned 
to be hardier. (Plate IX., 2.) 

Herdwick. — This extremely hardy breed thrives upon the 
poor mountain land in Cumberland, Westmoreland and N. 
Lancashire. The rams are horned, but ewes are hornless. The 
wool is strong, coarse, and open, and inclined to be hairy about the 
neck. The mutton is of very high repute. 

Lonk. — T hese sheep are found chiefly in N.E. Lancashire, and 
S.W. Yorkshire. The}^ do well in these districts of high rainfall, 
for being hardy and close -coated tliey can withstand the weather. 

They are not unlike the Scotch Blackface, but are larger with 
larger bodies, bigger heads, and longer legs. They yield a carcass 
of exceptionally lean mutton. For a mountain breed they are 
prolific. Attem})ts have been made to increase the size of the 
Scotch Blackface and improve its wool by crossing with Lonks but 
without success, the cross always resulting in a loss of constitution. 

Welsh Mountain. — On the Welsh hills this small, hardy, active 
breed has probably remained unaltered for centuries. The face and 
legs are white or slightly tan ; the rams possess curled horns, while 
the ewes are hornless. The wooj is white, short, fine and thick. 
The mutton is of the highest qualify. The draft ewes are frequently 
mated with Southdown, Shropshire, Kerry Hill, or Kyland rams. 
Unfortunately the sheej> are naturally so acti\e and restless that 
few fences can restrain them. (Plate JX., 3.) 

Dartmoor. — This ancient hornless breed is ])ractically restricted 
to the district from which its name is taken. It is the largest of our 
hill or moorland sheep, and more nearly resembles the grassland 
Longwool type. It owes many of its qualities to an infusion of 
Leicester blood. 

Exmoor. — The Exmoor Horn or Porlock Moorland sheep are 
probably direct descendants of the old forest breeds of that part of 
England. They have white faces and legs and black nostrils, and 
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are horned. The wool is short and the fleece is close and fine. 
They are hardy and well adapted to the poverty of their natural 
pastures. 

Kerry Hill. — The Kerry Hill sheep of the present day can be 
regarded as a hill sheep, being active and hardy, and yielding mutton 
of first-rate quality. In size it approximates to the Lowland 
long-woolled type. 

Originally the breed was confined to a twenty-mile radius of the 
village from which it derives its name — Kerry, Montgomeryshire. 
But since the establishing of the Flock Book Society in 18M, the 
breed has increased largely in popularity, and flocks may now be 
found not only in Montgomeryshire and Radnorshire, but also in 
Cardiganshire, Breconshire, Denbighshire, Carmarthenshire, Shrop- 
shire, Cheshire, Herefordshire, Worcestershire and elsewhere. 

The chief characteristics of the breed are a speckled face and 
legs, full length tail, compact body with light fleece, combining a 
first-rate qufldity of wool and a clean pink skin. The ewes are very 
prolific and extraordinary sucklers, and in addition the sheep grow 
and thrive rapidly when taken to better pastures. The drafts are 
usually bought by farmers in the Midlands and western counties 
for the production of fat lambs, and are considered one of the best 
breeds obtainable for the purpose. 

Grassland Breeds, or Lowland Longwools —While this type of 
sheep is as a rule associated with grassland, they are not absolutely 
con&ied to it, in fact at the present time such a breed as the 
Lincoln is kept largely on arable land. 

They are, however, associated with abundant supplies of food, 
either in districts where the soil is good, or in arable districts where 
the food supply is plentiful. 

They are all large sheep, without horns, and with heavy fleeces 
of long wool, usually of the “ lustre ’’ type. The face and legs are 
generally white. The sheep are quick growers and fatten readily, 
but the carcass is too large and too fat to be popular. In addition, 
the mutton is coarse in texture and poor in flavour. 

All these long-woolled breeds have been at some time or another 
improve^d by crossing with the English Leicester. 

The chief long-woolled breeds recognized in this country are ; — 

Leicoster Lincoln South Devon 

Border Leicester Kent or Romney Marsh Devon Longwool 

Cotswold Won.sleydale Roscommon 

The Leicester. — This breed of sheep is always aiSsociated with 
the name of that master breeder, Robert Bakewell of Dishley in 
Leicestershire. It was the first breed to be improved by systematic 
selection within the breed, and by in-and-in breeding, to fix the 
desired type once it had been secured. Starting in the year 1755 
with a large, coarse, ungainly and alow growing type, Bakewell 
evolved a sheep of moderate size, neat, compact, and early maturing, 
with an amazing aptitude to fatten. He was assisted in his efforts 
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by the extension of the cultivation of the turnip as a field crop, 
which provided a liberal supply of winter food. Bakewell originated 
the system of ram letting. This not only gave him a greater number 
of rams to select from for his own use, but ensured that the rams 
he used in his own flock were proven sires of the type of sheep at 
which he was aiming. 

The fame of the Dishley Leicesters rapidly spread and practically 
everyone of the long-woolled breeds was at some time or another 
improved b}" the introduction of Leicester blood. 

The rams of this breed are still used to a considerable extent 
for crossing purposes, but as a pure breed it is rather too large and 
fat for modern requirements, though many commercial flocks are 
still kept in the North of England. The foUowing is the official 
description of the English Leicester : “ Lips and nostrils black ; 
nose slightly narrow and Roman, but the general form of the face 
is wedge-shaped, and it is covered with short, white hairs ; forehead 
covered with wool ; no vestige of horns ; the ears (sometimes 
white) thin, long, and mobile, a black speck on ears and face not 
uncommon ; a good eye, neck short and level with back, thick and 
tapering from skull to bosom ; breast deep, wide and prominent ; 
shoulders somewhat upright and wide over the tops ; great thickness 
from blade to blade, and through the heart, well filled up behind the 
shoulders, giving a great girth ; well sprung ribs, wide loins, level 
hips, straight and long quarters ; tail well set on, good legs of 
mutton, great depth of carcass, fine bone, a fine curly lustrous 
fleece (the sheep are well-woolled all over) free from black hairs, 
with firm flesh, springy pelt, and pink skin. The general form of 
the carcass is square or rectangular ; legs well set on, straight hocks, 
good pasterns and neat feet.” (Plate IX., 4.) 

Bokder Leicester. — These sheep have long held a prominent 
place for crossing with the slower fattening and smaller breeds, 
such as the Scotch Blackface and Cheviot, the produce of which by 
Border Leicester rams, gives so desirable a sheep. George and 
Matthew Gulley, pupils of Robert Bakewell of Dishley, brought his 
improved Leicesters to Northumberland about the year 1767, 
from whence they spread into other Border counties. They received 
the distinctive name of Border Leicester about 1869, when the}^ 
became recognized as a different and distinct breed 

The Border Leicester is a large white-faced sheep with a clean 
head, and Roman nose, fleece white and lustrous, with small 
staple and tight curl. The wool is short for a long-woolled breed. 
The carcass is very fat and of poor quality. The breed is first 
and foremost a ram producing breed, many thousands of rams 
being sold annually, 90 per cent, of which are used for crossing 
purposes. (Plate X., 1.) 

For crossing the ram is ideal, for although a large sheep it is 
fine boned and light in the head, and therefore may be mated 
safely to small ewes without fear of trouble resulting at lambing. 
It transmits its early maturing quality to all its crosses. 
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CoTSWOLD. — ^This large and handBome Gloucestershire breed 
can definitely be traced back to the early part of the fourteenth 
century, and it has played an important part in the history of the 
English wool trade. Over a century ago it was improved by the 
introduction of Leicester blood. 

It is a very big white-faced sheep, with a characteristic bold, 
upstanding carriage. The sheep is very adaptable and thrives 
well when folded on wet and heavy land. The carcass i.s very 
fat and rather coarse in quality. (Plate X., 2.) 

It crosses well with many of the Down breeds, and it is largely 
owing to this fact that it has almost disappeared from its own 
district having been displaced by the Oxford Down, which originated 
by crossing Cots wolds and Hampshire Downs. 

Pure bred flocks are now retained almost entirely for the produc- 
tion of rams for crossing purposes, and the cross between Cotswold 
rams and Suffolk ewes is a very popular one in Norfolk. These 
first- cross lambs make ideal hoggets for fattening on roots in the 
winter, from the point* of view of both feeder and butcher. 

Lincoln. — These long-woolled white-faced sheep are descended 
from the old native breed of Lincolnshire, improved by the use of 
Leicester blood. They are the largest sheep in the world, a weight 
of 3 cwt. at 20 months being possible of attainment. It has become 
less and less of a grassland sheep and more and more used by 
ploughland farmers, and is kept pure in very large numbers, both 
in commercial and registered flocks in Lincolnshire. (Plate X.. 3 ) 

The carcass is abnormally fat, and the mutton is of poor flavour, 
the value of the breed as a mutton producer being its early maturity. 
The glory of the Lincoln, however, lies in the wonderful fleece of 
lustrous wool. Rams have been known to yield fleeces of more 
than 30 lb., and ewes will sometimes cbp 14 lb. Its power of wool 
production and its great size have brought it into high repute abroad 
in sheep countries, where it has a reputation for prepotency. 

Kent or Romney Marsh. — This is an extremely old breed which 
takes its name from the district and county in which it originated, 
though, in these days, it is by no means confined to Kent. The 
breed is much appreciated in its native district and equally so in 
the continually extending area in the Dominions and abroad, to 
which it is being exported yearly in increasing numbers. . Its 
hardiness enables it to withstand the extreme climatic changes with 
indifference, bred as it has been for generations upon the exposed 
marshes. Nature has during this period gradually but surely left 
none but those with vigorous and sound constitutions. Few others 
could thrive successfully in the conditions under which it is generally 
kept. 

It has great adaptability and thrives upon rich and poor pasture. 

In lambing time there is no need of costly shelter. They 
drop their lambs in the open, and the dams take care of their 
lambs. Probably the most desirable characteristic of the breed 
from the grazier’s point of view, and also that of foreign buyers, 



564 


SHEEP : THEIR MANAGEMENT AND BREEDS 


is that the sheep do not hook together and taint the land, but feed 
and graze singly. (Plate X., 4.) 

The wool is demi-lustre, and has become very much more valuable 
in recent years by reason of the closer attention given to it. The 
flesh is excellent, when grazed and fed on marshland only. It 
feeds rapidly, and compared to other long wools produces mutton 
of high quality, with great depths of lean flesh and small proportion 
of fat. Another valuable characteristic is its resistance to such 
diseases as fluke and foot rot. The fecundity, however, is inclined 
to be rather poor. 

Wensleydale. — The Wensleydale longwool sheep is a large 
high-standing, long-sided, firm-fleshed Yorkshire breed, with a 
characteristic deep-blue colour in the skin of the face, legs and 
ears, which sometimes extends over the whole body, though the 
shade is darker on the bare and hairy parts. The dark colour is 
favoured because of the extensive use of the rams for crossing with 
Scotch Blackface ewes, as they throw dark grey -faced lambs. This 
cross with the Blackface is known as the “ Masham.” The Wensley- 
dale is rather slow maturing when compared with the Leicester and 
Border Leicester breeds, and is therefore used for crossing purposes 
where the production of store lambs rather than fat lambs is 
aimed at. 

The Wensleydale is active and hardy, with a lean carcass of 
good-quality mutton. 

South Devon. — This has been for generations a breed covering 
South Devon and practically the whole of Cornwall. It is a large 
and symmetrical animal, with a reputation for being able to thrive 
upon hard fare and in exposed places. The carcass is noted for 
fulness of meat, and the fleece is of conspicuous merit. 

Devon Longwool. — This is a white-faced breed locally deve- 
loped in the valleys of West Somerset, North and East Devon, and 
parts of Cornwall. It originated in a strong infusion of Leicester 
blood amongst the old Bampton stock in Devonshire. The breed 
claims to have produced in 1846 the heaviest recorded carcass of 
a sheep fed in this country — that of a wether weighing 78 lb. per 
quarter. The long-woolled fleece is of excellent quality. 

Roscommon. — This is the only native Irish breed of sheep. 
They are famous for the quality and flavour of their mutton. They 
are hardy and active, yet early maturing. The leading character- 
istics of the breed are size, well sprung ribs, broad level back, 
strong bone, and fine, long, white, staple wool. 

Short- Woolled Breeds. — This group includes all the “ Down ” 
breeds, and some which do not readily fall into either of the other 
two groups. 

The various Down breeds were all originally associated with 
downs or similar districts of fair elevation with dry soil and 
climate. They are now found under a wide range of conditions 
in all parts of the country. 
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The Down breeds are all primarily mutton-produ'iing sheep, 
and yield carcasses which are neither too fat nor too large, are 
firm, tine in grain, and rich in colour. They axe hornless, and 
usually dark in face and leg, with fleeces of close fine wool, com- 
paratively short in length. They are essentially ploughland sheep, 
though many of them spend some time each year on grass. They 
are all more or less indebted to the Southdown. 

The chief Down breeds are : 

Southdown Shropshire Hampshire Down 

Oxford Down Suffolk 

Into this group too, have been placed the following breeds : 

Dorset Horn Ryeland Clun. 

Southdown. — As the Leicester breed of sheep must always be 
connected vdth the name of Robert Bake well, so must the South - 
down be associated with that of John Ellman, of Gl>Tide, near Lewes, 
who commenced farming in 1780. Working very largely on 
Bakewell’s lines, by selection within the breed, and without the 
introduction of any alien blood, he evolved from what was an ill- 
shapen, semi-moimtain type of sheep, one which as a mutton 
producer is second to none. Although Bakew'ell urged it, the 
Southdown was never crossed with the Leicester. 

The Southdown is a small sheep — the ewes barely average 10 
stone live weight — it is so well put together and thick in flesh that 
its weight is deceptive. 

The description of a typical Southdown sheep is as follows. 
Head wide, level between the ears, with no sign of slug or dark poll. 
Face full, not too long from eyes to nose, and of one even mouse 
colour, not approaching black or speckled ; under-jaw light. Eyes 
large and prominent. Ears of medium size and covered with short 
wool. Neck wide at base, strong and well set on to shoulders, 
throat clean. Shoulders well set, and the top level with the 
back. Chest, wide and deep, back level, with a wide flat loin. 
Ribs well sprung, well ribbed up, thick through the breast, 
with fore and hind flanks fully developed. Rump wide, long, and 
well turned. Tail large, set on almost level with chine. Legs of 
mutton (including thighs, which should be full) well let down, vrith 
deep wide twist. Wool of fine texture, great density, and sufficient 
length of staple, covering the whole body down to hocks and knees, 
and right up to cheeks, with full foretop, but not round eyes or 
eicross bridge of nose. Skin of delicate bright pink. Legs short, 
straight, of one even mouse colour, and set on outside the body ; 
the carriage “ corky.” (Plate XI., 1.) 

The Southdown has been used to improve most of the other 
Down breeds, and as a mutton producer it excels in its quickness 
of feeding, early maturity, and prime quality. The frame is small 
in proportion to the meat it carries, and the sheep is very symmetrical 
and close to the ground. Not only is it good at all the valuable 
cuts, but the waste pieces, such as breast and neck, are also good. 
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The “ leg '' is ideal, with an enormous development on its inner 
side. The flesh is of good quality, but can easily be made too fat. 
The offal as compared with some breeds is small and it has been 
known to kill 65 per cent, dead to live weight. The ewes are 
neither very prolific nor particularly good mothers. 

As the sheep withstand extremes of heat and cold they are 
suitable for every climate, and are in great demand for crossing 
purposes. They have been exported to all parts of the world. 
Half-bred Southdown lambs have almost ideal conformation, the 
body being blocky, light in bone, with a perfect leg of mutton. 
It is widely used for crossing particularly with Kents and Merinos. 

Oxford Down. — This is the largest and heaviest of the Down 
breeds, and is a good example of skilful breeding. In its production 
the aim was to combine the quality of mutton and fine wool of the 
Down breed with the weight of carcass and of fleece of the long- 
wooUed types. Certainly Cotswold and Hampshire sheep were 
used, and probably Southdown as well. The result is a hardy 
sheep, maturing early and noted for good all-round qualities. As 
Down mutton the joints are rather big, and inclined to be 
fat. The sheep thrive well on both arable and pasture land, and 
in every climate. Unlike some kinds of sheep, Oxford Downs 
flourish everywhere, and they are exported to nearly every country 
in the world. They have been much used for crossing purposes 
particularly in the North with ‘‘ Half-bred ” (Border Leicester x 
Cheviot) ewes. The progeny resulting from the cross are well 
adapted for fattening off on turnips in winter luider northern 
conations. (Plate XI., 2.) 

Shropshire. — This is a medium-sized sheep of great character, 
very compact and covered with fine short wool. It was derived 
from the old native sheep of Shropshire and Staffordshire improved 
by crossing with Southdown rams. In appearance it is not uidike 
an enlarged Southdown, though heavier in fleece, bulkier in carcass 
and darker in face, with a helmet of wool. (Plate XI., 3.) 

The Shropshire is a good all round sheep, being equally at home 
on either grass or arable land, though under ploughland conditions 
the carcass is inclined to become too fat. The ewe is very prolific 
but rather a poor milker. The fleece is heavy and of good staple, 
fine in texture, and very dense. It is perhaps the most cosmopolitan 
of all the Down breeds and is adaptable to various sods and 
climates. It has the advantage that it can be handled for the 
butcher at any age. 

The rams are used for crossing purposes with Welsh Mountain 
ewes. The ewes are well adapted to the “ lamb and dam ” trade. 

Hampshire Down. — Early in the 19th century the old Wiltshire 
horned sheep and the Berkshire Knot roamed over the downs of 
their native counties. Both these old-fashioned types have long 
since disappeared, but their descendants are seen in the modem 
Hampshire, which originated in a cross with the Southdown. The 
Hampshire is a low set, substantial, strong- boned sheep, darker 
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and with more wool on the face than the Southdown, and very 
much bigger. 

It is remarkable for its early maturity and for its ability to 
stand heavy feeding and close folding. It can be pushed to attain 
great weights at an early age, hence it is very popular for the 
production of early fat lamb. For this purpose it is either kept 
pure or crossed with other Dowm breeds, particularly the Suffolk. 
It is unsuitable as a cross with small ewes, for the Hampshire 
has a strong heavy head, and if crossed with small ewes, 
trouble at lambing often results. The mutton is of good quality 
and fairly lean. Unfortunately the fecundity is rather low, possibly 
as a result of long continued breeding from single rams in the 
effort to attain early maturity. (Plate XI., 4.) 

Suffolk. — These short- woolled, black-faced hornless sheep 
which originated in the crossing of the old Norfolk homed ewes 
with SouthdowTi rams, have been recognized as a pure breed since 
1810. Perhaps no breed has made such rapid strides in the last 
40 years, and its popularity increases year by year. This is due to 
a combination of three valuable characters which it possesses in a 
high degree. It is very prolific, a tremendous milker, and remark- 
able for the high proportion of lean meat in its carcass. The 
record of the breed in various competitions open to all breeds at 
the Smithfield Club Show^ is unequalled. (Plate XII., 1.) 

Suffolks possess very hardy constitutions and though they pay 
for generous treatment will do well on moderate fare. They have 
a power of recovering condition only equalled by mountain sheep. 
Suffolk rams are in great demand for crossing purposes. Crossed 
with the longwool breeds they produce a fine carcass of lean meat. 
Large numbers of Suffolk rams are used for crossing with half- 
bred ewes (Border Leicester X Cheviot) and for this purpose the 
Suffolk has replaced the Oxford Down in many districts. 

Dorset Horn. — This breed has been naturalized in the county 
of Dorset from time immemorial. Both ewes and rams are homed. 
They are hardy and will do well on most land, but respond well to 
better treatment, and will thrive either on grass or between hurdles. 

As a breed they are remarkable in that they will take the ram 
practically the whole year round. This makes it possible to produce 
two crops of lambs from them within 12 months, though the 
practice is not recommended. At the same time it is not uncommon 
to put them to the ram so that they lamb in the early autumn and 
produce prime fat lambs for the Christmas market. Before imported 
lamb became so good and cheap the public were willing to pay very 
high prices for this luxury article. (Plate XII., 2.) 

The ewes are prolific, excellent nurses, and can be fattened off 
while suckling their lambs. 

Ryeland. — The Rye land of the present day retains to a great 
extent the hardy constitution of its progenitors, which Youatt (1837) 
speaks of as one of the hardiest and most valuable of our British 
breeds. It has now, however, greatly increased in size and improved 
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in Bymmetry. In appearance not unlike a large Southdown it has 
dull white face and legs and a fleece of wool which excels even the 
Southdown in fineness of fibre and in the number of its serrations 
to the inch. The mutton is of fine quality, and the rams are 
rapidly gaining favour for crossing purposes as sires of fat lambs. 
The sheep are generally noted for thriving on cold damp soil. 

Clun. — A local breed in West Shropshire and the adjacent parts 
of Wales. It is descended from the small speckle -faced sheep 
that once occupied the district, but has been much modified by 
crossing with rams of the now extinct black-faced Long Mynd 
breed, and latterly with the Shropshire. It can be regarded almost 
as a hardy variety of Shropshire, specially adapted to its own 
locality. 


CHAPTER XXIII. 

PIGS: ECONOMICS, FEEDING AND GENERAL MANAGEMENT, 

BREEDS 

Pigs are kept to supply four main categories of produce, namely 
fresh meats such as pork and sausages, cured meats such as bacon 
and hams, lard and bristles. So far as Great Britain is concerned 
only the production of pork and of bacon are important, the bulk 
of our lard supplies coming from the United States. The keeping 
of pigs for suppl^dng bristles is largely confined to Russia and 
China. The pigs kept in this country, however, are only sufficient 
to supply approximately half of the bacon and pork consumed, 
and the value of the imports of pig meat is between £50,000,000 
and £60,000,000 per aiuium. In order to be profitable pig produc- 
tion like any other financial undertaking must show a satisfactory 
margin between cost of production and selling price, and in the 
attainment of this margin the following points are important. 
Firstly the carcass produced must be of the conformation and texture 
required by the trade. Even if, as at present, no premium is paid 
directly to the producer for the better quality pigs yet their produc- 
tion is indirectly of benefit by increasing the demand for British 
products. On the other hand the cost of production must be 
brought as low^ as possible, and this is effected both by rearing 
as large a number as possible of piglings per sow per year, thus 
reducing breeding charges, and by obtaining a unit of carcass 
increase in weight for the consumption of the smallest amount 
of food in order to keep to a minimum the charges for food which 
form such a very high proportion of the total costs. The general 
standards required to fulfil this condition may be roughly taken 
to be as follows. 

Carcass. — The pig-keeper has to produce a carcass which best 
meets the requirements of the butcher and bacon curer. From 
Figs. 86 and 87 it will be seen that the ideal conformation from this 
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point of view is one in which there is a long and broad middle and 
heavy and well-shaped hindquarters ; the fore-end, h(‘ad and legs 
should be as light as possible without interfering with the chest 
and heart room necessary for constitution. 

Fecundity. — If a sow weans eight pigs twice per year they will 
cost approximately 25 /- each at weaning whereas if only six are 
weaned per litter the cost will rise to something over 3()/ • l^or 
an eight weeks old pig this is too high a figure leave a reasonable 
margin for profit, and not less than fourteen W(^aned pigs per year 
should be aimed at as a minimum. Any number over eighteen per 
year will be very good. At eight weeks old the av(‘rage livt* weights 
should be from 25 lb. to 32 lb. 



Fig. 87. 

Adapted from “ Report on the Pork and Baoon IVades in England and Wales,” 
Ministry of Agriculture Economic Series. No. 17. I^y permission 
of Controller of H.M. Stationery Office. 

Economy of Food Consumption. — Under practical conditions 
it is very difficult to obtain an accurate record or the food consumed 
per pound of live weight gain. It has been proved, however, that 
the more rapidly the pig fattens the more economical it is in con- 
verting its food into live weight gain. The age at which any given 
weight is achieved is therefore a reliable and at the same time 
easily obtained indication of efficiency of food conversion. As a 
guide to the standard age for weight figures which should be aimed 
at the following table may be taken. For any given weight a pig 
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above the maximum age will only yield a profit under exceptional 
conditions. 

Age in days at 

Class. Max. live weight. max. live weight. 

Sucklers . — 

Birth to 30 lb 30 lb. 52— 63 

Stores . — 

30 1b.— 90 Ib. 

90 1b. 

122—160 

Porkers . — 

90 1b.— 100 1b. 

100 Ib. 

130—160 

Porkers . — 

100 lb.— 125 lb. ... 

125 lb. 

149—183 

Cutters . — 

126 Ib.— 180 lb. ... 

180 1b. 

186—228 

Sizeable Baconers . — 

180 lb.— 240 lb. ... 

240 1b. 

215—264 

Stout Baconers . — 

240 lb.— 270 lb. ... 

270 1b. 

227—280 


To be successful in pig -keeping it* is essential to watch that 
the standard requirements in these three categories are being 
fulfilled, and this involves the keeping of records either privately 
or through an official pig recording organization. Financial success 
is more a matter of careful management than of any particular 
food, breed or equipment, and attention to the following points 
will help in the attainment of the desired results. 

Feeding and General Management. 

(a) Breeding Sows. — Sows should be served at the first heat 
period after weaning and this normally occurs ^vithin ten days. It 
is not good practice to allow the sow to run with the boar at this 
time. She should be allowed one service only at approximately 
48 hours after the onset of heat and if possible should be kept 
away from other sows for another day. Thereafter she should be 
run out on pasture till within about a week of farrowing. When 
sows require to be ringed this should be done either before service 
or very shortly afterwards. Heat occurs approximately every 21 
days and it is therefore necessary to examine sows from about 
the 19th to 23rd days after service to see whether they are ‘ turning " 
to the boar, that is coming on heat again. 

While sows are rumiing on pasture during the in- pig period 
they will require from 3 to 6 lb. of concentrates according to the 
feeding value of the grazing. On an average 4 lb. is likely to be 
about the amount required, but this must depend on the condition 
of the animals which is usually low after weaning and which has 
to be improved without causing fatness. 

About one week before farrowing, sow's should be brought 
into the pen in which they are to farrow in order to get accustomed 
to it. It should previously have been thoroughly cleaned out and 
disinfected, and the provision of fajrowing rails is an advantage. 
Plenty of fresh, clean straw, preferably wheat, should be supplied and 
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if the BOW is in the pen for a week it will be found that the straw will 
be chewed up by her into small lengths which will prevent any 
trouble with the newly-bom pigs. During this last week the 
sow’s food should consist of 3 lb. of scalded bran and 3 lb. of con- 
centrates per day, in two feeds, and if there is any indication of 
constipation, nothing but scalded bran should be fed as it is 
absolutely essential that the bowels should be normal at farrowing. 

It is on the whole advisable that the attendant should be 
present during farrowing but no assistance should be given unless 
it is really required. If the sow has been allowed to make her 
bed properly it will not be necessary to nip off the navel strings. 
Teeth should only be broken off with pincers if the young pigs 
are definitely irritating the sow. The latter should not receive 
much solid food for 12 or 24 hours after farrowing as there is a risk 
of over-stimulating the milk supply and producing inflammation 
of the udder, a condition which is often r^^sponsible for very great 
losses. On the other hand a thin gruel containing a little meal or 
preferably bran will keep the sow from being restless and crushing 
the piglings. During the first three days the condition of the udder 
must be very carefully watched and inflammation prevented by 
keeping the bowels open and the animal on a very light diet. When 
this period is safely over the ration may be slowly raised to what 
the sow will consume without putting on flesh. This will usually 
be about 10 lb. but may be more in the case of a deep milking sow. 

At about 3 weeks old the young pigs will begin to feed and 
should be encouraged to feed from their own trough. Where the 
labour available is not very skilled dry feeding is safer for young 
pigs, but otherwise better results can probably be obtained by 
feeding wet especially where milk is available or the feed can be 
warmed. To begin with sharps are one of the safest feeds, but 
small quantities of barley meal or flaked maize are also valuable. 
Fish meal or meat meal should only be used sparingly at first, but 
milk or its bye-products are always useful and safe. At 6 weeks 
old the male piglings not required for boars should be castrated 
and all pigs requiring to be tattooed or earmarked are best done 
at this time. To get successful results at weaning the piglings 
should be taking the maximum amount of solid food and the 
minimum of milk from the sow. For this reason the piglings 
should be kept away from the sow for increasingly longer periods 
during the last ten days or so and the sow s rations should be 
gradually cut down during this period till, at 8 weeks after 
farrowing, she is getting not more than 6 lb. 

Weaning will be less of a shock to the young pigs if they are 
kept in their farrowing pen and the sow removed than if they are 
immediately removed to strange quarters. 

(6) Fattening Pros. — Pigs which are being fattened to be sold 
at light pork weights, say not more than 120 lb. live weight, will 
require a rather more fattening ration than those kept on to l^on 
weights, but for the first month after weaning both will benefit 
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from running out on pasture provided always that they have a 
warm house to sleep in or to lie in at will. Ihiring this period 
they should be given all they will eat in addition to grazing. At 
12 weeks old in the case of pork and perhaps a week or two later 
for bacon they should be brought into fattening pens or yards 
where they will be confined under cover till ready for slaughter 
Sufficient trough room should always be available and the pigs 
should be warm and dry throughout the fattening period. As a 
rule three feeds per day will be given up to a live weight of about 
100 lb. and thereafter two. Fresh drinking water should always 
be available whether wet or dry feeding be adopted. To obtain 
the best results it is essential that the meals should be given regularly, 
that is to say, always at the same time and that the amount given 
is just sufficient to satisfy the pigs without any food being left 
in the trough. Overfeeding is one of the first things to produce 
a set-back to fattening pigs. 

It is usual to divide suitable pig foods roughly into two groups, 
those of a nitrogenous nature which supply protein, and starchy 
feeding stuffs which supply energy. The latter form the basal 
part of the ration and in this group are included such cereals as 
barley, wheat, rye, oats, maize and millet ; milling offals such as 
bran, sharps, rice meal and oat feed ; roots and tubers such as 
potatoes (always boiled) artichokes, mangolds, turnips and sugar 
beets, and miscellaneous foods such as locust beans, treacle and whey, 
all of which have a nutritive ratio wider than 1 : 6. The nitro- 
genous foods are usually considered to be supplementary to the 
others and may be roughly defined as those having a nutritive 
ratio narrower than 1 : 5. They include animal products such 
as meat meal, whale meal, fish meal, blood meal, dried yeast and 
milk bye-products except whey ; dried vegetable products such 
as beans, peas, palm kernel cake, coco-nut cake, linseed cake, 
earthnut cake, extracted soyabean cake, the meals made from these 
oil cakes, and maize gluten feed ; and fresh vegetable products 
such as young pasture grass, rape, lucerne, clover, tares and 
sainfoin. 

The particular foods, or amounts of them which are used m 
e&ch group will, of course, depend on price and availability. It is 
necessary, however, to adjust the relative proportions to the 
needs of pigs at different weights and the simplest way to do this 
is to take the nutritive ratio of the whole ration as a guide. 

In addition a relatively high proportion of lime is required in 
the diet both of breeding and of feeing pigs and this is best supplied 
in the form of ground limestone or of ground chalk. Lime, however, 
is not utilized to the best advantage except when the pigs are exposed 
to direct sunlight. When this is absent the Vitamin D contained 
in cod liver oil should be added to the ration. The three following 
rations will indicate the approximate types and amounts of feedings 
most suitable at different weights, but these, of course, must be 
varied according to circumstances. 
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I. Stobbs. — 30 lb. to 00 lb. 


Sharps 


16 partis's 


Barley Meal 

Flaked Maize ... 


5 4 , 

5 » 

Approx. Nutr. 

Fish Meed 


1 

Ratio 1 • 4. 

Ground Linseed 

Sep. Milk 

Small Pobx Pigs. — dO lb. to 126 lb. 
Sharps ... 

1 .. 

64 J 

30 p>artes 


Barley Meal 


46 „ 


Maize Meal 


16 „ 

Approx. Nutr. 

Fish Meal 


4 „ 

Ratio 1 : 6. 

Meat Meal 


4 „ 


Ground Limestone 


2 .. J 


Bacon and Large Pork 

Pros.— 126 lb. to 240 lb. 


Sharps ... 


26 parts 


Barley Meal 

... 

40 


Maize Meal 


30 „ 


Meat Meal 


4 „ 


Ground Limestone 


2 „ 

Approx. Nutr. 

Sharps 

or 

40 .. 

Ratio 1 : 6^. 

Boiled Potatoes... 


300 „ 


Sep. Milk 


100 .. 


Ground Limestone 


1 



Green food, if it is of good quality, may be fed in the sties to 
fattening pigs up to an average amount of 6 lb. per head per day 
if it is available and as cheap as concentrates. For purposes of 
comparison 1 lb. of meals or 6 lb. of milk are equivalent to 9 or 
10 lb. of green food. Even where green food is not fed as a definite 
part of the ration small quantities should be given every day along 
with a certain amount of soil, ashes or coal dust. 

(c) Young Breeding Stock. 

In the case of young gilts and boars which are being kept for 
breeding the aim must be to develop constitution while keeping 
the costs of production as low as possible. This is best achieved 
by running the pigs out on pasture all the time and giving them 
smaller quantities of food than is given to fattening pigs of the 
same weight. They may be housed in movable huts provided 
they are warm enough, but care should be taken in winter time 
that sufficient fresh grazing is available to prevent the ground 
round the entrance of the hut from becoming too poached. Young 
boars will require to be segregated from the ^ts at about 4 months 
and should not be used for service before they are 8 months 
old. Even then they should be sparingly used, particularly at 
first, until they are at least a year old. Young gilts should be 
brought into a rising condition when 7 months of age so that when 
served at about 8 months they are in racher more than store con- 
dition. Both during the time they are in pig and while suckling 
their first litter they should be kept in definitely higher condition 
than is usual in the case of a sow. 
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( d ) Minor Ailments and Diseases. 

Of the diseases which attack pigs the most serious are Swine 
Fever, Swine Erysipelas and Tuberculosis. The first two are 
caused by infection either from pig-sick land or from animals 
bought through a market. When the disease has been contracted 
veterinary advice should be sought. Tuberculosis in pigs is nearly 
always due to the consumption of milk infected with bovine 
tuberculosis, and the pasteurization of the milk is the best way to 
eradicate it. Sows which are known to be tubercular should be 
got rid of as they infect their litters very easily. 

Much more loss than is usually believed is, however, caused by 
minor ailments due to parasites. Mange, lice and nematode 
worms are responsible for a very serious loss of condition and con- 
sequently of profit. They can be almost entirely eliminated yet 
this is very seldom done. Mange is treated by scrubbing the pigs 
with a non -carbolic wash and by disinfecting all wooden posts or 
corners on which the animals can rub. Lice are killed rapidly by 
the application of any kind of oil to the infected parts, normally 
behind the ears and along the back. Nematode worms can be 
removed by dosing with santonin or with a mixture of 5 parts of 
oil of chenopodium in 96 parts of castor oil. The proper dosage 
will be found in any veterinary book, but in both cases it is essential 
to fast the animals well before dosing. 

Breeds 

Over A dozen separate breeds have at different times been 
recognized in Great Britain. There are various reasons why these 
should have been developed, but very few why they should all be 
perpetuated. Whether or not two types of carcass are required 
for the bacon and pork markets is a much discussed question, but 
there is both practical and scientific opinion to support the view 
that a type which produces really good bacon will not be unsuitable 
for the production of pork. For all general purposes the Large 
White or Large Yorkshire as it is known abroad, is the most suitable. 
To prcxiuce the first cross, which is regarded with such favour by 
so many breeders and curers, the Large White boar may be crossed 
with sows of the Large Black, Berkshire or Middle "V^^ite breeds. 
It has to be remembered, however, that generally speaking there 
is a greater difference between different strains within the same 
breed than between the average of the breeds themselves For 
this reason less attention need be paid to the so-called standards 
of excellence of the different breeds, than to the records of pro- 
duction achieved by individuals or by strains within the breed. 
The examination of carcasses at a bacon factory or slaughter-house 
coupled with a study of such weaning and age for weight records 
as are available for the different breeds will lead to a better under- 
standing of the breed characteristics than is obtainable in the 
showyard. 
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The most important of the recognized breeds in this country 
are : — 


Large White 
Middle White 
Small White 
Berkshire 


Tsmworth 
Large Black 

Small Black (Suffolk or Essex) 
Lincoln curly -coated 


Labqe White (Plate XIII., I). — No variety of pigs has made 
a greater advance in public favour during the last quarter of a 
century than the Large White breed. Probably one of the chief 
reasons fbr this increased demand has been the extreme suitability 
of these pigs and crosses between Large White boars and sows of 
all other varieties for the purpose of the curer of bacon, an article 
which has become one of the most general breakfast dishes. The 
white colour which it also impresses so invariably on its produce 
from sows of any other colour is a valuable asset, as is proved by 
some bacon curers actually paying a premium on white pigs, since 
bacon from animals of that colour sells more readily and at a higher 
price on some of the markets than bacon manufactured from pigs 
of a dark colour. This, of course, is fancy on the part of the con- 
sumer to a certain extent, but it is also an admitted fact that the 
Large White pigs furnish a larger proportion of lean to fat meat than 
almost any other breed, so that the consumer who may not be a 
keen judge of the merits of bacon in an uncooked state has one 
easy and sure test of the probable leanness of the meat by noticing 
the colour of its skin. Amongst other advantages possessed by 
pigs of the Large White breed are their quick growth, their early 
maturity, and their readiness for slaughter at an early age where 
small pork is in fashion, or for the production of those very fat 
and heavy pigs of 300 to 500 lb. dead weight, which are in demand 
in some parts of the so-called Black Country. The sows, like the 
boars, are of quiet disposition and very prolific ; the sows produce 
a full flow of milk, which is continued until the piglings are old 
enough to be weaned. These last are hardy and quick growers, 
being greatly in demand in those dairying districts where cheese 
and butter are manufactured for the production of the greatly 
esteemed dairy-fed pork. 

The Large White pig will grow into a large size when fully 
matured, boars of 10 c^. and sows of as much as 9 cwt. live weight 
having been known. They should be long in the head, with ears 
slightly inclined forward, jowls light but the forehead wide, the 
neck, fairly muscular, the shoulders obliquely placed (so that an 
appearance of narrowness is given to the shoulder), the ribs well 
sprung, the back long, the body deep, with a well-developed flank, 
the loin muscular, the hind quarters long and wide, and the hams 
extending quite to the hocks. The legs should be set well outside 
the body, the ankles firm, the bone fine and hard, the skin firm and 
thin, the hair plentiful, straight, and of a fine texture. 

Middle White (Plate XIII., 2). — The description given above 
of Large White pigs will apply in most of the particulars to Middle 
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White pigs, save os to extreme size, length of body, and the 
shape of the head, which is much shorter, with heavier jowls, and 
smaller and more erect ears. The Middle White pig is also finer 
ui the bone, skin, and hair, and altogether neater in apj>earance. 
Although the Middle White Boar is preferred for crossing on to the 
large and coarse sows in some districts for the production of pigs 
suitable for the manufacture of bacon, and a number of boars of 
this breed have been exported to Russia, Australia, and some other 
foreign countries for the same purpose, yet the Middle White is 
more suitable for the fresh pork trade, whether in the form of London 
porkers, weighing alive about 100 lb., or in the country where pigs 
of the weight of 120 to 150 lb. are most in demand. A very large 
number of pigs suitable for the fresh pork trade are also begotten 
by Middle White boars from sows of other breeds, particularly 
those of the Large White and Berkshire breeds. Pigs of the latter 
cross have been shown of late years at the Smithfield Club sho^vs 
which nearly approach to perfection in form and quality of fat pigs. 
Not only so, but these cross Middle Whites and ^rkshires mature 
early, and furnish carcass^Js of fine pork by the consumption of a 
comparatively small quantity of meal. The cross between Large 
White and Middle White is probably the best type of pig for 
farmers’ purposes, especially in those districts where heavy fat 
pigs are more in demand than those of a medium size. 

Small White. — These were in great favour some forty years 
ago, when pork woth a much larger proportion of fat to lean meat 
was in more general demand than at the present time. These 
pigs were white in colour. They possessed a heavy covering of 
hair, were very compact in form, fine in bone, and came early to 
maturity. 

Berkshike (Plate XIII., 3). — These animals are claimed U) 
have betm introduced and developed into a distinct breed in West 
Berkshire, and during the past fifty years most careful attention 
has been given to their improvement, with the object of producing 
the best ty[>e of animal for the butcher. 

The colour of the Berkshire is black, with feet w’hite to about 
the ankle joint, white tip to tail, and white on the face. 

The general conformation should Ik? long, low, level, and deep, 
straigiit back, tail set high, head moderate length and dished, wide 
betwe(;n the ears, ears fairly erect (not drooping over the face), 
fringed with hair ; ribs well sprung ; good length from hip-bone 
to tail ; legs strong, straight, and set square ; hair plentiful and 
fine over all the pig. 

The}^ are regular breeders, hardy and most suitable for export, 
being especially adapted for all climates ; not affected by sunburn. 
Quiet disposition, good mothers, easy feeders, and good foragers ; 
active and mature very early. 

They are now a leading type in all the principal showyards, 
where distinct classes ai-e given for them, in which the best specimens 
of the breed may generally be seen to advantage. From a judge s 
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point of view, the first considerations for merit are the desired 
colour, with fine hair and skin, a shapely head and nicely set 
ears, and large hams, combined with length and depth of body and 
quality. 

Tamworth (Plate XIII., 4). — ^This breed is most abundant 
in the Birmingham district, and is more closely related to the wild 
boar than the other kinds^of native pig, as indicated by its hardi- 
ness, active habits, long snout, and comparative leanness of the 
meat it produces. The old type, however, has been modified by 
the introduction of the Yorkshire blood. 

Tam worths should conform to the following standard of 
excellence : Hair golden-red (free from black), on a flesh-coloured 
skin, abundant, long, straight and fine ; head fairly long, snout 
moderately long and quite straight, face slightly dished, wide 
between the ears ; ears rather large, with fine fringe, carried rigid 
and inclined slightly forward ; neck fairly long and muscular, 
especially in boar ; chest wide and deep ; shoulders fine, slanting, 
and well set ; legs strong and shapely, with plenty of bone and well 
outside body ; pasterns strong and sloping ; feet strong, and of 
fair size ; back long and straight, loin strong and broad ; tail set 
on high and well tasselled ; sides long and deep ; ribs well sprung 
and extending well up to flank ; belly deep, with straight under- 
line ; flank full and well let down ; quarters long, wide, and straight 
from hip to tail ; hams broad and full, well let down to hocks ; 
action firm and free. 

Tamworth crosses are noted for their hardiness. 

Large Black (Plate XIV., 1). — This is one of the oldest breeds, 
and there are two original types, one from Devon and Cornwall, the 
other from Suffolk and Essex. The former are larger and more 
refined, the latter hardier and more prolific. The good qualities 
of both strains will no doubt ultimately be fully blended. The 
Large Blacks can claim to be a utility breed, suited to the needs 
of the modern breeder, feeder, bacon-curer, and consumer. They 
were formerly fed to enormous weights, but weight has now given 
way to greater quality, and the breed yields at a very early age 
the chief desideratum — viz., a long, deep-sided carcass of 160 to 
190 lb. dead weight, light in shoulder, jowl, and offal, and showing 
a larger proportion of lean meat than any other breed. 

Large Blacks are very docile, and the forward carriage of\he 
ears is supposed to conduce to quiet field grazing. The colour is 
claimed to enable summer pasturing or field feeding without risk 
of sun-scald. The sows are noted for their fecundity. 

Large Blacks should conform to the following standard : Head 
of medium length, and wide between the ears ; ears thin, inclined 
well over the face, and not extending beyond point of nose ; jowl of 
medium size ; neck fairly long and muscular ; chest wide and deep ; 
shoulders well developed, in line with the ribs ; back long and level, 
and ribs well sprung ; loin broad, and sides very deep ; quarters 
long, wide, and not drooping ; hams large, and well filled to hocks ; 
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tail set high and of moderate size ; legs short, straight, flat, and 
strong ; skin fine and soft, with a moderate quantity of straight, 
silky hair. 

Small Black. — This name is given to local races characteristic 
of Suffolk and Essex, and much resembling the Small White, except 
in colour, the possession of scantier hair, and greater length of body 
and leg. Small Blacks have a small, well-formed head and sym- 
metrical figure. They fatten well, yielding a good proportion of 
lean meat, and mature early. 

Lincoln Curly-coated (Plate XIV., 2). — Until the last few 
years this ancient breed of large pigs was only well known in East 
Lincolnshire. The abundant white hair is curly, as the name indi- 
cates, and the skin is of the same colour, though some blue spots 
are usually present. The face is shorter than that of the Large 
White, and the ears (which should be of moderate length) fall over 
it, while the nose is straight. It is claimed to bo unequalled for 
early maturity and development, and is undoubtedly hardy and 
vigorous. It crosses well with other breeds, particularly Berkshire, 
Large White, and I^rge Black. 


CHAPITER XXIV. 

POULTRY AND POULTRY KEEPING. 

The advantage of poultry keeping as a commercial asset to the 
general farm has only recently been recognized. The general farmer 
possesses natural advantages over the commercial poultry keeper in 
that a large proportion of the food required by poultry is produced 
on the farm itself, and accommodation for rearing and laying birds 
is already available free of cost, in the sense that fields can be utilize<l 
for these purposes without interfering in any way with the use to 
which such fields are usually put in the normal course of husbandry 
operations. Indeed, so far as pasture land or meadow land is 
concerned, provided that the birds are limited to 50 per acre, the 
value of the land for other livestock is enhanced rather than 
depreciated. In deciding to include poultry keeping as a branch of 
his normal husbandry, the farmer must, however, regard it just as 
seriously, and with as much attention to detail, as ho does to the 
other branches of livestock husbandry, if he wishes to make a 
success of it. The impression that poultry will flourish under any 
circumstances and conditions on the average farm is now rapidly 
being recognized as erroneous. 

So far as farmers are concerned, there are two main types of 
poultry farming, namely, commercial egg production and table meat 
production. Arising out of these two main branches of poultry 
keeping, and, in a sense, parasitic upon it, are the specialist forms of 
poultry keeping, such as pedigree breeding, sales of hatching eggs. 
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three-month-old pullets, day-old chicks and breeding stock. A more 
recent development is the setting up in various parts of the country 
of commercial hatcheries, the object of such hatcheries being the 
supply of day-old chicks to farmers and others who prefer to buy 
day-old chicks rather than hatch the eggs out themselves. The 
introduction of these hatcheries has benefited farmers who keej) 
breeding flocks, since, during the breeding season, when eggs are 
relatively cheap, remunerative contracts may be made with s\ich 
hatcheries for the supply of hatching eggs. 

Although poultry keejung on the farm may gradually develop 
into one of the specialist forms of poultry keeping mentioned above, 
the main business of the farmer should consist of commercial egg 
production, vith table poultry production as a side line. 

Marketing — The marketing organization of eggs and poultry 
is a very complex one, and the (‘hannels through whicli these 
products pass from the prodiUHT to the consumer are many. There 
are no less than seven diff(‘rent class(‘s of ])ersons to whom the farmer 
may market his poultry prodiu^e, and the various chanmds through 
which the produce passes on its way to the ultimat(* consumer is 
indicated in the diagram below, which has been ada])t(Ml from th(‘ 
Bulletin No. 11, published by the Ministry of Agriculture and 
Fisheries. 


PRODUCERS OO-OPSOCy 


PRODUCE^ 


CONSU MER f 



COUNTRY WHOLESALER' 


-fcOMMIS StON SA LES MAN f - 

WHOLESALE aTP” 

■ y 

f RETAILER~1 ^ 


Kach of tiiese class, s of persons con(;erned in the (‘gg and })oultrv 
meat trade j)lays an im])ortant part in maintaining a steady fiow 
of poultry produee from the ])rodiieer to the consumer, and together 
they form the links of tlie elastic machine whereby supplies are 
diverted to any pjortion of the country where a t(miporary dtunand 
for the product in (piestion (exists. The higgler collects direct from 
the farms, provides his own packing materials, and pays cuish. The 
country wholesaler collects, re packs and re-sells. The Producers’ 
Co-operative Societies fulfil the same functions as the country whole- 
saler, but in this ease the profits made for the services rend(Ted (or 
the losses incurred) are returned to the producers. T1 h‘ commission 
salesman and the town wholesaler fulfil very much the same function, 
but the commission salesman acts as a sales agent only, receiving 
a commission for his services, whereas the towji wholesaler buys 
outright, depending for his remuneration on the margin between 
the price at w^hich he buys and the price at which he sells. 

Apart from sales to individuals, a considerable trade is done in 
country districts by sales at country markets and auctions. 
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Marketing Conditions. Eggs. — The price realized for eggs varies 
according to supply, demand and quality. The price received for 
home supplies is affected by foreign and colonial imports, which have 
a steadying influence on rise of prices for home supplies. In actual 
fact, the foreign and colonial exporter only becomes an active 
competitor with home supplies when the price of eggs rises to a 
point at which it pays him to export his produce. In addition to 
this, as the price of eggs rises the actual demand for eggs for home 
consumption drops owing to the limited purchasing power of 
potential consumers of poultry products. Attempts to raise the 
price of eggs beyond the stage which provides a fair margin of profit 
for the producer are apt, therefore, to defeat their own object, since 
not only do such efforts encourage foreign and colonial competition 
but they also result in a severe contraction in market demand. 
Apart from market demand, the season materially affects supply. 
During October to February, inclusive, when approximately only 
31 per cent, of the total yearly home production of eggs are produced, 
{)rice8 are generally good, whereas during the remaining seven months 
of the year the prices are generally low. Since tlu* increased supply 
of eggs available during these months is largely due to farm supplies, 
it is obvious that farmers should pay increasing attention to the 
necessity of encouraging winter egg production if better prices for 
their eggs are desired. 

The question of quality is an extremely important one, since 
the consumer always requires a sound, reliable article at a reasonable 
price, and unless these requirements are satisfied a repeat order will 
rarely be forthcoming. Organized marketing of a standardized 
product, packoted in an easily recognisable form, is therefore 
extremely important in creating a steady sales demand, and for this 
reason the efforts made by the Markets Section of the Ministry of 
Agriculture in the direction of National Mark Products, should 
receive the unqualified support of the farmers in their own interests. 
The external characteristics of quality are good colour of shell 
(brown being favoured), firm shell, good bloom, free from blemish. 
The internal characteristics of quality are good flavour, small air 
space, firm wliite, good yolk colour, and free from blemish. The 
definition of quality in the National Mark Scheme is “ The egg must 
not have been preserved, the shell must be clean and sound, the 
yolk translucent or faintly but not clearly visible, the white trans- 
lucent and firm, and the air space must not exceed J in. in depth.” 
It is obvious, of course, that candling is essential to recognize some 
at least of the characteristics expected in an egg of good quality. 
Under the National Mark Scheme, the first-quality eggs are grad^ 
according to weight into the following classes : Specials 2^02., 
Standards 2 oz., Mediums IJ oz., Pullet 1 J oz. 

Poultry Meat. — Several classes of trade are recognized, and owing 
to the perishability of the product emd the seasonal nature of the 
demand, meat production is a more specialized business than egg 
production. The table which follows gives the main points of 
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economic interest with regard to meat production. With regard to 
dressing, type of pack, etc., the demands of the market should be 
closely followed. 


Class of Product. 

Weight per dozen 
in lbs. 

Time Marketed. 

Petit poussin 

C-12 


Up to Mar. -April. 

Asparagus chicken ... 

12-24 


Early summer. 

Spring chicken 

24-42 


April-July. 

Country chicken 

42-72 


Jan.-June. 

Capons 

84 


Chr.’stmas. 

Roasters 

48-96 

\ 


(Young hens, laying pullets 




and young cockerels.) 



1 Best period for marketing 

Boilers 

60 

1 


(Hens and cocks surplus to 



1 Jan.-May and December. 

requirements.) 


J 



FOWLS 

The Origin of the Domestic Fowl. — Fowls were brought under 
domestication by man in comparatively early times, and their 
distribution through the world has followed the spread of early 
civilization. There is little doubt that the sport of cock-fighting 
was a predominating factor in their early distribution and domestica- 
tion, their development for meat and egg production occurring in 
the later stages of civilization. Darwin assigns the wild jungle fowl, 
Gallus bankiva, as the progenitor of all our modem breeds, but the 
fact that certain of the genetic characters of our domestic breeds 
are dominant to OalliLS bankiva strongly supports the view that our 
domesticated breeds have a multiple origin, and that other strains 
of Gallus have also contributed to the production of our modern 
races of fowls. 

Classification of Breeds. — From the poultry farmer’s point of 
view, the various breeds of fowls are classified according to their 
economic qualities, as layers, table birds and general utility or 
dual-purpose breeds. The poultry Fanev also distinguish between 
exhibition types of fowls and utility types. In addition, most of 
the common races of fowls have been bred to the same standard 
except with regard to size of body, the especiaDy small types thus 
bred being classified as Bantam.” 

Thus the Old English Game cockerel weighs from 5 to 6 lb., the 
Old English Game bantam weighs from 18 to 22 oz. 

The common breeds of poultry in use in Great Britain com- 
prise the following : — Anconas, Andalusians, Australorps, Bame- 
vel ers, Brahmas, Bresse, Campines, Cochins, Croad Langshans, 
Dorkings, Faverolles, Old English Game, Hamburghs, Houdans, 
Indian Game, Langshans, Leghorns, Minorcas, Orpingtons, Plymouth 
Rocks, Rhode Island Reds, Scots Greys, Sussex and Wyandottes. 



TABLE I. 


CHAKACTERS OF BREEDS OF FOWLS 


563 
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The chief points of economic interest and suitability for free 
range or confined conditions are included in Table I., the reader is 
referred to the Poultry Club standards for details of the Standards 
of Perfection. 

TURKEYS 

The various breeds of the domestic turkey have probably 
originated from the Wild Turkey (Meleagris gallojxivo) of North 
America, and, curious to say, the domestic turkey, unlike the other 
members of the poultry-yard, is smaller than its wild progenitor. 

The comm on -breeds most popular in this country are : — 

The Norfolk Black. 

The White. 

The Cambridge Bronze, and the American Bronze. 

The Norfolk Black as a breed is practically extinct in England. 
The females vary from 12 to 14 lb., the males from 20 to 24 lb. The 
birds are fine boned, and yield fine flavoured white flesh. The legs 
and feet are slaty black, and the egg shells are cream coloured, 
speckled with brown. 

The White turkey is mainly an exhibition breed in Britain. The 
lack of hardiness associated wdth the English White is probably 
responsible for their non- success as a commercial breed in England. 
The females weigh from 14 to 18 lb., the males from 20 to 28 lb. 

The Cambridge Bronze is very popular among turkey breeders. 
They are comparatively light in bone, fatten well, and yield a white 
flesh of excellent flavour. The legs and feet are dark grey in colour, 
the eggs are cream coloured, speckled with brown. The females 
weigh 12 to 16 lb,, the males weigh 18 to 24 lb. 

The American Bronze is similar in character to the Cambridge 
Bronze, but is somewhat heavier in bone and yields a larger carcass. 
The flesh is said to be not so fine in quality as the Cambridge Bronze. 
The females weigh from 16 to 20 lb. the males from 25 to 36 lb. 

GEESE 

Our domesticated geese have probably all originated from the 
Wild Goose or Gray-lag (Anser/ert^), which is to be found in Europe, 
Africa, and Asia. They generally visit this country in the winter, 
though some have been known to nest in the Fen districts. 

Common Breeds.—The commoner breeds kept on English farms 
consist of the Embden and Toulouse. 

The Embden goose lays large white thick-shelled eggs, and is a 
good sitter. Their rapidity of growdh and excellent flesh qualities 
make them very suitable for the green gosling and autumn goose 
trade. They are hardy and good foragers. Females attain weights 
20 to 22 lb., males 30 to 34 lb. 

The Toulouse goose is a non-sitter and a good egg layer. They 
thrive well on good soil, but mature slowly and are not good foragers. 
They are hardy and vigorous and thrive well under confined condi- 
tions, but the quality of the flesh is not as good as that of the 
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Embden. They are very suitable for crossing with the Embden. 
The females reach 20 to 22 lb. in weight, the males 28 to 30 lb. 

DUCKS 

The various breeds of domesticated ducks are generally believed 
to have sprung from the Mallard or Wild Duck {Anas boschas)^ which 
is to be found all over the Continent and in America, as well as in 
the northern parts of Africa. 

The common breeds kept in this country are : — 

Aylesbury Indian Runner Khaki Campbell 

Pekin Cayuga Buff Orpington 

Rouen Muscovy Blue Orpington 

The chief points of economic interest are given in Table II. 
TABLF ir. 



I..eg colotir 

Type of 
flesh- 

Egg 

colour. 

Table Breedi. 




Muacovy 

Orange-yellow 

Deep cream 

W'hite 

Rouen 

Aylesbury 

Cayuga 

Ei/g Breeds. 

Orange and 
Orange- brown 
Bright orange 

1 Orange-brown 

Deep yellow 

White 

Whitt- 

Pale green 

White or 
greenish-white 
Very dark 
green 

Indian Runner... j 

Orange or tan 

Orange nr 
cream j 

White 

Khaki Campbell | 

Dark orange 



Dual purpose. j 

Orpington ... | 

( )range-yelluw 

Cream 


Pekin ‘ 

Bright orange 

Yellow 



Weight, i Remarks 

lb. ! 


f> 10 Poor egg layer, excellent 
! table qualities, hardy. 

pugnacious, good 
' foragers. 

8—10 I Excellent flesh, hardy, 

' tame. 

9 -11 1 Rapid growers, excellent 
flesh, good egg layers 
5 -7 Hardy, medium egg 
j layers, exceilent flesh 

4— 4^ I Excellent egg layers. 

' good foragers, non- 
1 sitters. 

— ' Excellent egg layers, 

I good quality flesh. 

I 

5— 7 ! Excellent egg layers. 

j good table qualities. 

7 -9 I Hardy, good egg layers. 


POULTRY BREEDING 

A farm poultry flock is generally started in one of several ways ; 
(1) purchase* of hatcliing eggs: (2) purchase of day-old chicks; 
(3) purchase of three -month- old birds, or (4) purchase of foundation 
stock. Which of these methods is finally adopted depends upon 
local and financial considerations, and farmers desiring to adopt 
poultry fanning seriously are well advised to (consult the County 
Poultry Instructor before finally deciding which method to adopt. 
In all cases, the object aimed at should be eventiuilly to establish 
a healthy breeding flock to servo as the reservoir for maintaining the 
farm flock at the level aimed at in the scheme adopted. Apart from 
the personal pleasure and interest that the farmer derives from seeing 
evolve a farm breeding flock of desired type, th<^ commercial advan- 
tages gained by so cioing more than outweigh the extra trouble 
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caused by the trap-nesting, culling and ogg-recording that are 
necessary corollaries to the evolution of an ideal breeding flock. 
The liability of outbreak of diseases to which poultry are susceptible 
is created every time purchases of outside stock are made, and many 
a failure of a poultry enterprise can be traced to the introduction of 
disea.se by purchase of bkds from outside sources. In selecting 
birds for breeding ; vigour, trueness to type, and freedom from 
disease are the main points in preliminary selection. Having made 
a preliminary selection of suitable birds, blood tests are carried out 
to ensure that the birds are not carriers of bacillary white diarrhoea, 
and the birds are then mated up to suitable cockerels. From a 
commercial egg production standpoint, rapid improvement can be 
effected in farm flocks by the purchase of approved cockerels bred 
under County or Provincial cockerel- breeding schemes. In such 
schemes, cockerels are bred from suitable matings made with birds 
which, in their pullet year, have in county egg laying trials, put up a 
record of egg performance which entitles them to a special merit 
certificate, and owing to the precautions adopted by the committees 
responsible for such schemes the cockerels can be purchased with a 
more than reasonable assurance that they are free from disease. 
Annual auctions of approved cockerels take place and farmers wishing 
to purchase such birds can obtain particulars as to time and place of 
such auctions by writing to their Ck)unty Agricultural Organizer. 
Having commenced breeding operations by rigid selection of females 
and the purchase of suitable male birds, the future efforts of the 
farmer should be directed tow ards ascertaining which of the birds bred 
possess the commercial characteristics that determine their value 
as potential breeding stock. Breed type and colour, size and colour 
of eggs, fertility, hatchability and rearability, and number of eggs 
required to produce a matme bird are all points of extreme import- 
ance upon which the practical breeder will require information in 
his desire to build up a breeding flock of proved commercial value. 
This information can only be obtained by trap-nesting, and keeping 
records of matings, incubation records and rearability records, and 
the egg performances, etc., of the progeny resulting from such 
matings. In the earlier stages, considerable progress can be achieved 
in flock improvement by rigid culling of females, and as indicated 
above, the purchase of approved cockerels of known origin, but there is 
a limit to the improvement that can be obtained by these means. By 
the progeny test, the birds which have the power of transmitting the 
desired characteristics to their offspring are ascertained, and the 
breeder should then concentrate on building up a breeding flock from 
such matings. Line breeding, which is a system of in- breeding, is 
commonly practised to impress upon the breeding stock the desired 
characteristics of any individual. In this case, the matings 
commonly used are father to daughter, father to granddaughter, 
father to great-granddaughter, etc., or mother to son, mother to 
grandson, mother to great-grandson, etc , with an occa.sional out- 
cross to birds of known pedigree in order to avoid loss of stamina 
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that might otherwise ensue. In the limited space available to the 
author it is impossible to go into detail as to the recording, etc., 
involved in improving the breeding flock by the methods indicated, 
and theTarmer is strongly advised to obtain such details from the 
County Poultry Instructor in his district. As a general rule, an 
ordinary hatch consists of 50 chicks from every 100 eggs set, and of 
these 50 chicks hatched only half reach maturity. On the assump- 
tion that half the chicks hatched are cockerels and half pullets, 
these considerations lead us to the conclusion that for every pullet 
fhat goes into the laying box no less than eight eggs have to be set 
in the incubator. By careful recording of hatchability and reara- 
bility, and by the application of the knowledge thereby gained to 
subsequent matings, it should be possible soon to reach the stage 
where the number of eggs required to be set in the incubator to 
ensure a matin e pullet are considerably reduced, with consequent 
considerable reduction in the costs of producing such a pullet. 

Mating. — It is usual when mating to use two-year-old hens, but 
mating one-year-old hens is occasionally practised if the birds are 
early hatched and have fully developed. Flock mating is suitable 
for commercial plants, i.e., four or live cockerels are run together 
with a flock of 40 to 50 hens, but on pedigree farms the mating up 
of breeding pens is the usual practice. Individual mating, known 
as stud mating, is often resorted to in line breeding. In the light 
breeds, eight to fifteen hens per cockerel is the usual allowance, in the 
heavy, six to ten. When mating ducks the best results are obtained 
from two-year-old ducks mated to an early-hatched young drake, 
allowing about five ducks to each drake. For geese, select two- or 
three -year -old geese and mate to a mature gander ; three or four 
geese to each gander. 

When mating turkey it is very essential to select good healthy 
stock birds, preferably two- or three-year- old hens mated to a 
strong one-year-old cockerel, or, better still, to a two-year-old cock, 
allowing six or eight hens to each cock. 

The Application of Sex-Linkage to Poultry Production. — The 
commercial egg farmer, particularly if he is working wdih light 
breeds, regards the cockerel as an unwanted nuisance. If we could 
detect the sex of the chicken at hatching time ho would prefer to 
eliminate the cockerels at once, since they are occupying valuable 
brooder space and time, and when ready for market more than 
often represent a loss to him for the time, energy and food spent on 
them. Unfortunately, in the case of the pure breeds, it is impossible 
for him to detect the sex at hatching time, and so he has been 
accustomed to regard the cockerel as an unnecessary but inevitable 
evil. The work of Professor Punnett at Cambridge has indicated 
a way out of the difficulty so far as the commercial egg farmer is 
concerned. Professor Punnett, studying the inheritance of certain 
characters in poultry by Mendeiian methods, found that some 
characters, such as silver ground colour of plumage as opposed to 
gold, barred plumage such as occurs in Plymouth Hocks as opposed 
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to unbarred plumage, and light shank colour as opposed to dark 
shank colour, were transmitted by a hen solely to hei male offspring. 
The male offspring resulting from the mating of a hen carrying any 
of these three characters with a cockerel carrying the opposing 
character w ill be readily distinguishable from the female offspring, 
since the down plumage or shank colour will be different in the two 
sexes. Thus the cockerels resulting from the mating of a light 
Sussex hen with a red Sussex cock will be silver in character and the 
pullets will be gold, and this difference in plumage inlieritance is 
shown in the down colour at hatching, the pullets being golden 
brown in colour and the cockerels creamy silver with blackish 
markings. Similarly, the cockerels resulting from a mating of a 
Black Minorca cock with a Plymouth Rock hen will be barred, 
whereas the pullets will be black. This again shows itself in tlu' 
down colour, the cockerels being black with a whitish patch at the 
back of the head, whereas the pullets are entirely black. Any of 
the crosses indicated in the table which follows w ill result in chicks 
the sex of which can be detected at hatching. It .should be un- 
necessary to emphasize that the cross should b(‘ made in the way 
indicated. 

Sex>>Linkecl Crosses. 


( iold cockcn’I.s 
(Birds with ground colour of a buff 
or golden brown shade.) 

Brjwn Leghorn, Indian (lame. 
Barnevelders, Buft Orpington. Huft 
Rock, Rhode Island Red, Red 
Sussex. Welsuinrner. 


r Ji( a*. 

(Birds, w lutes, with ground 

colour of a creamy silver.) 

Light Su.ssi'X. Silvei' ( lunpines, Silvei 
\\'\’and()t tes. Silvi'r Hainburghs, 
Duckwing Lt'ghorns. Dorkings. 
Salmon t a\ t‘rolI(‘s. 


lilac k cocker (is 

Black Leghorn, Black Minorca. 

Dark shank cockrrds 
La Bresse. 


Harr(({ hens. 

Plymouth Koek>. Scot* h (jlre>’s, 
(.^ickoo Leghorns. 

Light shank hois. 

tVlute Li’ghorn. \N hitc \\ yaiidott v 


By using any of the crosses indicated, except perhaps tlie shajik 
colour crosses w'hich are not so readily detectable at hatching as the 
others, the farmer is enabled to utilize the wliok' of bis br^ioder 
capacity for pullets, with a resultant saving in labour and brooder 
capacity. 

The one .serious disadvajitage .attached to using sex -linked 
crosses is the inability to use the stock for breeding afterwards. 
This disadvantage has recently been eliminated by Professor 
Punnett, who has evolved a breed, the Cambar, wdiich is sex-linked 
within itself. This breed, which breeds true to type, was obtained 
from a barred Plymouth Rock, Gold Campine cross. The female 
chicks are dark brow^n in colour, the male chicks being pale grey in 
colour striped with brown. Further work is being carried out to 
improve the commercial characteristics of the breed before it is 
released to the public. This breed, when available, should be of 
considerable value to farmers, since it will then be possible to obtain 
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all the advantages of sex-linkage combined with the ability to use 
the chicks for stock purposes at the same time. 

Housing and Equipment. — A fully-equipped poultry plant com- 
prises an incubator room, food store and office, brooder houses, 
laying houses and houses for the breeding flock, field equipment 
such as Sussex arks or movable slatted floor houses for the growing 
stock, and the equipment incidental thereto. 

In selecting the site for the permanent buildings, the farmer 
should arrange to place the buildings as near to the homestead as 
can be conveniently arranged, particularly with regard to the 
incubator room and brooding equipment. If laying houses of the 
permanent type are to be used, particular care should be taken to 
site them in a well-drained field, sheltered, if possible, from pre- 
vailing winds by a shelter belt of trees. 

With regard to the houses themselves, in view^ of the diversity of 
types available it is imj)ossible within the scope of this article to 
deal at any length with tie* actual details of construction, but it is 
felt that tlie basic princij)les of design and construction upon which 
the suitability of a poultry house depend will be of value to those 
contemplating purchase or construction of poultry houses. A 
properly designed and constructed poultry house should be such as 
to conduce to the comfort and convenience of the poultry attendant 
as well as to the comfort and health of the birds themselves. From 
the birds’ point of view, the house .should be weather-tight and dry, 
and the floor should be free from damp. Good ventilation is 
essential, but such ventilation must be achieved without the 
production of draughts. In addition, the house should be con- 
structed and sited in such a manner as to admit plenty of winter 
sunlight, while excluding the more powerful summer sun and the 
rain. This is achieved by facing the fronts of the houses to the south, 
regulating the depth and height of the house so as to correspond 
with the lower angle of elevation at which the sun’s rays reach the 
earth during the winter months, and projecting the roof over the 
front of the house in the form of eaves to prev^ent driving rain from 
entering the house. If the height and depth of the house, and the sizes 
of the openings to the front of the house are properly designed, the sun’s 
rays will reach from the front of the house to the back in the winter, 
whereas in the hot summer months, owing to the higher altitude of 
the sun, only a small portion of the floor of the house will be subjected 
to the direct rays of the sun. Light, removable curtains constructed 
of muslin or similar material stretched on light w ooden frames and 
hung up over the open fronts of the houses, are extremely useful in 
keeping the houses cool in the summer, while allowing free ventila- 
tion. From the point of view of the attendant, ease of cleaning is a 
big consideration, the droppings boards therefore should not be 
wide enough to prevent easy removal of the droppings by the 
attendant, and the floor should be constructed of a material which 
can be easil}' and thoroughly sw^ept clean. In the case of a large 
house intended to house many birds, the use of a litter carrier, 
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suspended from a rail running the whole length of the house, will 
considerably facihtate cleaning operations. In modem houses the 
droppings boards and perches usually used are dispensed with and a 
raised slatted floor substituted for roosting purposes. Slatted 
floors are also substituted for solid floors, and floor litter dispensed 
with. In such cases, the house must be constructed in such a way 
that sufficient head room is allowed between the slatted floor and the 
ground level to enable the attendant to reach imder the house whten 
the droppings require to be removed at periodical intervals. In 
houses of the movable or field type, the slatted floor is almost 
universally used, with a solid w^ooden withdrawable shutter under- 
neath upon which the droppings accumulate. Protection against 
rats and vermin is achieved by the use of wire netting at the sides 
of the houses between the slatted floor and the droppings board. 

Accommodation and Equipment. — The movable and fixed 
equipment of a poultry house consists of grain and mash hoppers, 
grit hoppers, roosts, water troughs, and nest boxes. The accommo- 
dation of the house itself is best measured by the floor space. 
Whereas crowding in a house conduces to ill health, under stocking 
is needlessly expensive owing to the increased cost of the housing 
per bird. In the case of the light breeds, 3| sq. ft. ot floor spa^e 
should be allowed per bird for houses intended to house up to 50 
birds, 3 sq. ft. per bird for houses accommodating above 50 birds and 
up to 125, sq. ft. for houses accommodating between 125 and 200 
birds, and 2 sq. ft. for houses accommodating over 200 birds. In 
the case of heavy breeds, 1 sq, ft. should be added in each case to the 
figures given. Thus, a 50-bird house for white Leghorns should have 
a floor area of 175 sq. ft., and this house would accommodate only 
38 Rhode Island Reds. 

Eight inches length roost space should be allowed per bird for 
light breeds and 10 in. for heavy breeds. With regard to mash and 
grain hoppers, 1 in. of hopper space per bird should be allowed, and 
a 2 ft. shell and grit hopper should be allowed per 100 birds. 

The nest boxes should be 12 to 14 in. square and a minimum of 
one nest for every six birds should be allowed. In the case of trap- 
nested stock, one nest for every three birds is not too much. Sitting 
nest boxes under the droppings boards is not advocated, as it 
darkens the floor area under the droppings boards and renders 
observations of birds resting under the droppings boards difficult. 

Brooder House Capacity. — In the case of brooder houses, 6 sq. in. 
of floor space per chick should be allowed, and a brooder unit should 
not contain more than 300 chicks. Up to six weeks of age a shallow 
feeding trough, not more than 2 in. deep and 4 ft. long, will suffice for 
100 chicks. From six weeks onwards, double this hopper capacity 
should be provided, and the trays may conveniently bo made deeper. 

Incubation. — Two systems of hatching are commonly used, 
i.e.y natural and artificial. The natural method, in which a broody 
hen is used, is the more economical and safer method where only 
small lots of chickens are being raised, or where the hatching is 
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strictly seasonal. The chief disadvantages attaching to the natural 
method is the difiBculty of obtaining broody hens precisely at the 
time when they are required, and the fact that if^a large amount of 
hatching is being carric'd out by this method, the use of a large 
number of small hatching units increases the amount of labour and 
care in management required. For this reason, except in the case 
of pheasant rearing and on a few well-known commercial farms, the 
use of artificial systems of hatching and rearing is practically 
universal. 

Selection of Eggs for Hatching. — Eggs used for hatching should 
be of good parentage, clean, and over 2 oz. in weight. They should 
possess a good shell texture, should not be more than seven days old, 
should be of good shape, and free from external blemish. Eggs 
intended for hatching, if not immediately required for incubation, 
should be stored in an even temperature, preferably 60^ F.. andsho\dd 



Fig 88. 


be (M oasionally turned. If eggs purchased for hatching have 
travelled, they should be stored for 24 hours before placing in the 
incub;ttor, in order to restore them to their natural physical con- 
dition. and to recover from the possible jolting they may have 
received during the journey. 

PERIODS OY InCI’BATION. 


! owl ... 21 day!" 

I'hcasant 24 

I ^uinea Fowl 28 ,, 

Duck ... 28 

lurkey 28 ,, 


Goose 

Swan 

Emu 

Ostuch 


30 days. 
42 

42 , 

42 ,, 


Natural Method. — Select a suitable broody hen — one of go(xl 
size and docile — the short-legged varieties, such as the Wyandottes, 
Orpingtons, Rocks and Old English Game being the best. The nest 
should be roomy — about 15 in. square, and high enough for 
the hen to walk off and on the nest comfortably (Fig. 88). 
Place some mould in the bottom and shape it out, slightly hollow 
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in the centre. Cover with some soft straw or hay and press into 
shape. Place a dummy egg in the nest and put on the hen. When 
.she has settled dowui the eggs may be placed under her. A hen will 
comfortably cover 13 eggs and this is the usual number. It is a 
good plan to sit tw’o or three hens together and test the eggs at the 
end of the first w eek, when perhaps two of the hens would take all 
the fertile eggs and the third could be started with a fresh batch. 

They should be let off to feed each day, and should have only 
grain, wheat or maize, and plenty of fresh water and grit : a dust 
bath should always be supplied when possible. Do not meddle too 
often with hens when hatching for they are apt to get peevish and 
will crush the chickems as they are just hatching. Before removing 
to a coop (Fig. 89) the hen should have a good feed of corn, and 
when the chickens are fed she will call them to the feed instead 
of taking it herself. 

Artificial Method. — Hatching eggs by means of artificial methods 
has long been practised in Egypt and, although of comparatively 
recent introduction in this country, the incubator has been used 
with commercial success for upw^ards of 50 years. The incubator 
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is essentially a heated insulated box designed to maintain the eggs 
placed in it at a temperature approximating that of the natural heat 
supplied by the broody hen. The capacity of modern incubators 
varies from a 25-egg capacity to a capacity of many thousands. 
Incubators fall into two main classes, those in which heated air is 
used, and those in which radiation of heat from a hot water tank is 
employed to maintain the eggs at the required temperature. Owing 
to the fact that the hot water acts as a heat reservoir, the hot water 
type of incubator is in general favour for small incubators, since a 
steady temperature is more easily maintained in spite of a fluctuating 
source of heat, V>ut in the larger types hot air in conjunction with 
fans and baffle plates to maintain adequate ventilation and even 
distribution of heat is generally, though not always, employed. 
The fuel used as a source of heat consists of oil, gas, electricity and 
anthracite coal. Since the method of use and management of an 
incubator varies with the type used, and since such instructions are 
issued by the manufacturers wdth each incubator sold, it would be 
waste of time to describe the working of an incubator here in any 
detail. For this reason it is proposed to outline the principles upon 
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which Bucceasiul incubation dependa, aincc it in geueraUy through 
neglect of observation of these principles, and not through inherent 
faults in the incubators themselves, that V>acl or faulty hatches 
generally result. 

Conditions for Sucoessfui Incubation. — The conditions upon which 
successful incubation depend are : — 

(1) Maintenance of an adequate and even temperature, 

(2) Maintenance of the right amount of moisture or 

humidity. 

(3) Maintenance of adequate ventilation. 

(4) Avoidance of stuck germs by adequate turning of the 

eggs- 

With regard to temperature, the temperature of a broody hen 
varies from 101° to 106° F., wuth an average temperature of 104 5° F. 
Based on the temperature of the brood}^ hen, the incubator tempera- 
ture should therefore lie within 101° to 106° F., and it should never 
be allowed to exceed these limits. Owing to the development of 
internal heat by the developing eggs themselves, the regulation of 
the incubator temperatures should be carefully attended to partic- 
ularly in the later stages of incubation, since there is a danger 
of the incubator becoming too hot at tins jyeriod. Observations 
have shown that in natural incubation there is a difference 
of temperature betw’een the upper and lower surfaces of the egg 
of as much as 18° F., and the earlier incubators w^ere designed 
in such a way as to ensure that ?he lower surfaces of the eggs w^ere 
maintained at a temperature considerably less than the upper 
surfaces, but experiences in incubation with modern incubators of 
the mammoth type have shown that there is no need to make 
provision for this. 

Ventilation. — The developing egg, being a living organism, 
requires oxygen for its development, and in developing gives off 
carbon dioxide gas. For this reason, adequate ventilation must be 
provided. In small incubators the natural convection currents set 
up by the heated air of the machines, combined with a suitable 
design in the construction of the machine itself, serve to maintain 
adequate ventilation. In the larger incubators, fans are used to 
achieve the same purpose. During the first day of incubation, an 
egg uses up 4 c.cs. of oxygen, and this rapidly increases as incubation 
proceeds, until on the 21st day no less than 555 c.cs. of oxygen are 
required. To provide for the oxygen required, it is obvious that 
constant supplies of fresh air are required, and that this becomes of 
increasing importance as incubation proceeds. Not only is ven- 
tilation necessary to supply the oxygen required, but it is also 
required to get rid of the carbon dioxide given off by the developing 
eg^. Experimental tests have shown that if the carbon dioxide 
in the incubator goes above 1*5 per cent., high mortality results. 

Moisture or Humidity. — Everyone is familiar with the fact that 
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air contains variable proportions of moisture in the form of an 
invisible vapour, the amount present varying according to weather 
conditions. The ratio between the amount of water vapour present 
in a given volume of air and the amount required to saturate it is 
called the relative humidity. The actual amount of water vapour 
present in the air is called the absolute humidity. Since the amount 
of water vapour that dry air will take up varies with the temperature 
of the air itself, it will be seen that for the same absolute humidity 
the ratio between the relative humidity and the absolute humidity 
will differ at different temperatures. Now eggs exposed to dry air 
lose water by evaporation, the dryer the air the more the loss of 
water in a given time. In order that eggs may develop successfully, 
the maintenance of a certain moisture content is essential. If the 
air reaching the eggs in the incubator is too dry, the eggs will lose 
too much water and death will result. On the other hand, if the air 
is too moist, not enough water will evaporate and the developing 
chicks will, as it were, be “ drowned.” The maintenance of the 
right humidity is therefore important and experimental observation 
on incubation has shown that it is the relative humidity rather 
than the absolute humidity that matters. It has been shown that 
if the relative humidity falls below' 30 per cent, or rises above 60 per 
cent., eggs fail to incubate successfully. In normal practice there is 
more danger of the relative humidity falling below 30 per cent, than 
rising above 60 per cent,, so the practice of raising the humidity of 
the air in the incubator room itself by frequently sprinkling the 
floor with water or by the employment of wet sand in trays is a 
good one. In the incubator itself, the humidity is usually main- 
tained at the right level by the use of water tanks and wet flannel, 
or in the case of large incubators, by the use of water sprinklers or 
similar devices. The use of hygrometers or humidity meters in 
both the incubator room itself and the incubator is therefore 
essential if regularly successful incubation results are desired. 

Turning. — The question of the necessity of turning the eggs at 
frequent intervals during incubation is a more debatable point than 
those already dealt with above, but in view of the danger of 
incubation being interfered with if the eggs are left in one position 
throughout incubation owing to the possibility of germs sticking to 
the shell, the practice of turning the eggs at least twice a day is 
probably a sound one. 

The Incubator Room. — The maintenance of the requisite con- 
ditions for successful incubation in the incubators is more easily 
achieved if care is taken in the construction of a suitable incubator 
room, or in the selection of a suitable room or shed in the existing 
farm buildings. The ideal incubator room should possess adequate 
ventilation without draughts, should be designed so that a relatively 
high humidity may be maintained, and should be well insulated so 
that the room temperature is not readily affected by changes in 
temperature in the outside surroundings. A brick cellar with earth 
or cement floor forms an ideal incubator room, and wrill generally 
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only need slight structural alterations so as to ensure adequate 
ventilation. 

Rearing. — The rearing of chickens divides naturally into two 
periods : (a) the brooder period, when chicks require supply of heat : 
(b) the “ growers ” period, i.e., from end of brooder period to maturity. 
Under the natural rearing system, where broody hens are used, 
broody coops out in the fields form all the equipment necessary. 
In rearing by artificial methods, more elaborate equipment is 
necessary. In such methods, the chicks are reared in units varying 
from 50 to 500 chicks each. The chicks are housed in suitable 
brooder houses. A typical brooder house has a feeding passage 
running along the back, and the house is divided into pens. Each 
pen contains a hover which supplies the heat necessary to maintain 
the chicks in comfort during the brooding period. The heat is 
supplied in some cases by paraffin lamps, by hot-water pipes heated 
with anthracite, or by electricity. In some cases, where chicks are 
raised in units of 300 to 500, a separate brooder house is used for 
each lot of chicks, and the hover consists of an anthracite stove with 
a round galvanized cone fitted above the stove to radiate the heat 
down on to the chicks. In big commercial plants battery brooders 
are used. Battery brooders consist of series of metal cages arranged 
in tiers one above the other and heated by hot- water radiators. 
The chicks are kept in such brooders for three to four weeks, being 
moved down a drawer at a time each week. The temperature in 
the top tier of drawers is maintained at about 85° F., the temperature 
in the lowest tier being approximately 65° to '’0° F. From four 
wpeks onwards the chicks are kept in cooler cages which are main- 
tained at a temperature of approximately 60° F. (Plate XV.). 

Whatever the system of brooding adopted, the aim of the rearer 
should be to cool the chicks off gradually by reducing the temper- 
ature of the hover or brooder until at six to eight weeks, according 
to season, the heat may be dispensed with altogether. 

As soon as can bo arranged conveniently after eight weeks of age, 
the chicks are moved out into Sussex arks until full grown. 
Cockerels surplus to requirements are fattened and sold as soon 
as they reach a convenient marketable age. In the case of the light 
breeds, such as Leghorns, these should be marketed as petits poussins. 

Feeding. — Poultry foods consist of cereal grains and cereal grain 
bye-products, supplemented with protein-rich substances of animal 
and vegetable origin, mineral salts and vitamin concentrates, and 
green foods. 

Systems of Feeding. — Poultry may be fed on grain, grain and 
wet mash, grain and dry mash, grain and wet and dry mash, or on 
mash only. All these different systems are in use, but the general 
concensus of practical opinion is veering round to the use of dry mash 
for chicks during the brooding period followed by dry mash and grain 
feeding for growers and adult stock. For winter egg production, 
a mid-day feed of wet mash is often given. 
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The Use of Grit. — The digestive system of the fowl is so con- 
structed as to enable it to deal efficiently with grains and hard foods. 
The crushing of the food into fine material that is accomplished in 
other animals by means of teeth is effected in the bird by means of 
the gizzard, a strongly muscular organ. The gizzard is aided in 
this task by the numerous small stones that are invariably found in 
it wffieii a bird is killed and the gizzard opened. There has been 
considerable difference of opinion among j)oultry keepers for the last 
200 years as to the need for supplying grit, this difference of opinion 
being due to the fact that whereas certain poultry keepers have 
found it possible to rear healthy chickens without supplying grit 
others have found it impossible to do so. Recent research has 
shown that unless grit is present in the gizzards of birds, the food, 
especially grain, is not fully digested. The difference referred to 
above is really due to the fact that under certain conditions, as when 
birds are kept on gravelly soils or loams, the birds pick up from 
the soil all the grit they require to keep them in perfect health, 
whereas if the birds are kept on heavy clay land the lack of grit 
sooner or later manifests itself in ill health of the stock and possibl} 
crop binding. Even in the latter case, if the food supplied is in the 
form of a mash, the birds may thrive quite successfully for some time 
evnn though grit is withheld. From the point of efficiencx 
of digestion of the food and maintenance of a healthy muscular tone 
of the digestive system, there is, however, little doubt that the 
supply of suitable grit to bird.s of all ag(is is sound practice, even 
though the birds may be kept under all -mash conditions. Such 
grit should be of the insoluble variety, such as flint grit or suitably 
screened river gravel. 

Chick Feeding. — The nature of the food mixtures used foi 
chick feeding depends largely upon the conditions under which the 
chicks are reared. Under free range conditions, rearing with a 
broody hen, feeding with boiled wheat only with milk to drink ha.^ 
led to successful results, whereas under battery brooder conditions 
a relatively complex mash is necessary for efficient nutrition of the 
chicks. Under 'ty]ucal farm conditions, when the chicks are raised 
during the spring or early summer months and have access to an 
outside grass run, a grain diet consisting of equal parts by weight 
of split wheat, split groats and maize grits wall suffice for the first 
week, supplemented in the second with a dry mash fed in hopjiers 
consisting of bran 2 parts, middlings 4 parts, Sussex ground oats 
2 parts, maize meal 1 part and fish meal 1 part will give good 
results, particularly if fresh skim milk is available in addition. The 
first feed may be given at any convenient time after the down 
feathers have dried out, and a common practice is to feed only bran 
and fine sand as the first feed. Grit and fine oyster shell should 
also be available in suitable hoppers. At eight weeks the birds are 
put on to a grower’s mash consisting of bran 3 parts, middlings 4 
parts, Sussex ground oats 2 ]mrts, maize meal 1 part, fish meal h 
part, and the grain feed consist.s of equal parts of wheat and 
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kibbled maize. If, however, the chicks are reared in brooders 
under intensive conditions, or during the winter months, a more 
complex system of rationing is necessary. In such conditions an 
all-rnash system is generally used, and the following mash advised 
by the National Institute of Poultry Husbandr}, has proved 
succ-essful for feeding from one to ten weeks. 

Maize meal 48 parts, bran 14 parts, middlings 14 parts, extracted 
soya bean meal 6 parts, dried skim milk 6 parts, meat and bone 
meal 6 parts, salt 1 part, cod liver oil 1 part, limestone flour 2 parts, 
steam bone flour 2 parts Grit and fresh water should be always 
available. From eight weeks onwards, the feeding for growers 
indicated above will suffice. 

In the case of battery-reared chicks, a more complicated mash still 
is indicated, and the following mash can be recommended for this 
purpose for the first eight weeks : — 

Maize meal 33, bran 14, middlings 23, Sussex ground oats 5, 
dried skim milk 7, fish meal or meat and bone meal 7, dried yeast 3, 
linseed meal 3, limestone flour 2J, salt •^, ferric oxide cod liver oil 2. 

An occasional sprinkling of fine flint grit and wood charcoal is 
placed on the top of the mash in the hoppers and towards the end 
of the fourth week a little wheat is given in addition to accustom the 
birds to grain feeding. At the age of 1 1 weeks, when the birds will 
be out in Sussex arks, the feeding consists of grower’s mash and grain, 
the grain mixture used being wheat 3 parts and kibbled maize 2 parts. 
The change over from the chick mash to the grower’s mash should be 
gradual, during the ninth week the mash should be a mixture of 
3 parts chick mash to 1 of grower’s, followed by equal parts in the 
tenth week, 3 parts grower s to 1 of chick mash in the 11th week, so 
that in the 12th week the birds are entirely on grower’s mash. The 
grower’s mash is continued until the combs begin to redden up, 
when the birds are ])iit on to layer's mash. 

Feeding for Egg Production. — Correct management is just as 
miportant, if not more so, than correct feeding if satisfactory egg 
production is to be exjR^cted. The jirovision of adequate hopper 
.s])ace, regularity in feeding and cleaning, and adequate supplies of 
water and grit, and avoidance of any causes likely to disturb or 
unduly excite the birds are all points of primary importance in 
successful egg ]noduction. The usual method of feeding consists in 
the use of dry mash feeding combined with grain feeding. 1 oz. of 
grain ])er bird is generally fed first thing in the morning and li oz. 
a- mt lialf-an-hour before roosting. Green food, if given, is supplied 
in the middle of the day. The dry mash hoppers are left oj^en all 
day. Grit and oyster shell are provided in separate hoppers. 
During winter months, egg production is encouraged hy giving a 
wet mash feed once a day, 1 oz. of mash (weighed dry) being allowed 
per head. One per cent, of cod liver oil added to the mash will also 
be beneficial, and if electric light is available, lighting the pens so as 
to extend the working day will increase the level of egg production. 
If green food is not available, alfalfa meal is generally included in 
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the mash to the extent of 5 per cent, in order to maintain a satisfac- 
tory egg-yolk colour. A satisfactory layer’s mash consists of bran 
15 parts, middlings 40 parts, maize meal 22^ parts, Sussex ground 
oats 10 parts, fish meal 12 J parts. The grain ration consists of 
wheat 3 parts, kibbled maize 2 parts, fed at the rate of 2 oz. per day. 

Breeder’s Mash. — For breeding stock, the mash is the same as for 
layers, but the 12 J parts of fish meal are replaced by parts fish 
meal, 2 parts of cod liver oil and 3 parts dried yeast, with a view to 
ensuring high fertility and hatchability of the eggs produced. 

Fattening Mashes. — A good fattening mash for trough feeding 
consists of meat and bone meal 5 parts, dried milk 5 parts, maize 
meal 30 parts, middlings 30 parts and barley meal 30 parts, fed as a 
wet mash. If ample supplies of skim milk are available this can be 
used instead of water for making the wet mash, and in such circum- 
stances the dried milk would, of course, be omitted. Where j'oung 
cockerels are being fattened this mash should be used instead of the 
grower’s mash when they change from the chick mash. 

Ducklings. — These only require a little heat for the first ten days 
or two weeks in cold weather. The food should consist of barley 
meal, pollards, and maize meal, mixed to a crumbly paste with milk 
for the first six weeks ; the remaining four weeks they should be 
fed on rice cooked in milk and mixed dry with pollards and oatmeal. 
Sufficient water should be supplied for drinking purposes only, and 
some grit should be placed in the bottom of the drinking vessel. 
They should have plenty of green food and boiled vegetables, as 
this tends to keep them healthy and is cooling to the blood. They 
should be ready to lull at ten weeks old— that is, before they begin 
to moult. It is a good practice to allow them to swim in a pond 
about two days before they are killed, so that they may clean their 
feathers. 

Geese. — Young goslings require very little artificial food, as they 
consume a considerable quantity of grass. A little boiled wheat 
mixed dry with barley meal is a good food to give them a star!. 
They should be placed in a large roomy coop with a run in front for 
a few days. The coop should be bottomless and placed in the shade, 
for the young goslings do not thrive so well when exposed to the 
direct rays of the sun. They should not be allowed to swim for the 
first two or three weeks, unless the weather is very warm. 

If required for the Michaelmas trade, they should be kept in 
good condition, and should have a morning meal of barley and 
maize meal, and oats at night ; but when required for the Christmas 
trade, one feed of corn in the evening is all they require to keep them 
in good growing condition. Th^y should never be allowed into a 
stream, as fighting against the current when going up-stream tends 
to harden the muscles and makes them very tough. 

Turkeys. — For the successful rearing of young turkeys it is 
essential to have good, clean, w'ell-drained land, with short grass, 
large, w ell ventilated houses, and good sound food. 
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The first feed should ba given v’hen they are twelve hours old, 
and should consist of hard-boiled eggs, chopped fine and mixed with 
breadcrumbs. This should be dropped right in front of the young 
birds, so as to attract their attention. Skim milk should be given 
to drink, and plenty of chopped green food, such as onions and 
dandelions. After the first week discontinue the egg food, and 
gradually change the food to ground oats and pollards mixed to a 
crumbly state with sweet skim milk, and plenty of green food. They 
require very close attention during the first two months, and must 
be protected from wind and rain till they have “ shot the red,” 
which is the appearance of the red growths on the head. After 
this they become much hardier, and their appetites increase 
enormously. They must be kept growing, and given a good range, 
for they are splendid foragers. About a month or five weeks before 
Christmas they should be placed in a dry shed and fattened, the 
food to consist of barley meal, ground oats, and pollards, mixed to a 
paste with skim milk for morning feed, and oats and barley and 
wheat in the evening. They should always have a good supply of 
sharp grit and fre.sh clean w'ater. 

Diseases. — So fai- as j)oultry are concerned, prev^ention of disease 
rather than cure should be the object aimed at. Since it is impossible 
to deal at length with all the diseases that attack poultry, this 
article deals only wnth a few considered of major importance. 
Poultry are subject to attack b}" external parasites, such as lice, 
fleas, bugs and mites, and by internal parasites such as mites, 
roundworms and tapeworms, flukes, fungi and bacteria. 

Lice. — ^These are biting creatures, which belong to the Mallo- 
phaga, and live by eating fluff, feathers, skin scales and any dried 
blood that may arise from the injuries produced. Infected birds 
may be detect'd by manual examination. Lice are confined to the 
body of the bird, and their favourite locations are the head and neck, 
the slightly feathered portions of the body, and the lower side of the 
wing feathers, the actual location varying according to the species, 
of which, according to Bayon, there are no less than 40 to 50. The 
eggs or nits are found attached to the feathers. Owing to the 
attachment to the host, their eradication is comparatively easy. 
Clearing and burning of the contents of the nest boxes, and powdering 
the birds individually with a small pinch of sodium fluoride, well 
rubbed in, will suffice to rid birds of these pests. Owing to the 
irritating nature of this compound, special care should be exercised 
by the operator in its use, and where possible the substance should 
be used in solution form rather than as a powder. In such cases, 
the birds are plunged into a warm bath of water to which J of an oz. 
of fluoride for every gallon of water has been added. 

Fleas. — Fowl fleas, unlike fowl lice, live by sucking the blood of 
the host, and owing to the fact that they are not confined to the 
body of the host and can survive for months in the absence of food, 
are difficult to eradicate. The eggs or nits are usually found 
attached to pieces of nest material. Treatment consists in strict 
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attention to hygiene, consisting of frequent replacement of nest 
material, destruction of the old material and litter, etc., around the 
nest boxes, creosoting of the nest boxes, and sodium fluoride 
treatment of the individual birds. 

Mites. — The mites of chief importance in this country are red 
mites, feather mites, scaly leg mites, and the depluming scabies mite. 
The red mite is a blood sucker, is a night feeder, and lives, not on the 
host, but in cracks and crevices of the fowl houses. The eggs 
are laid in the crevices, or in dust, dry droppings, etc. It is a 
difficult pest to eradicate, and treatment, which should be persisted 
in, consists of thorough creosoting of the houses, frequent renewal of 
the nest box material and floor litter, and frequent cleaning of 
droppings boards. Special attention should be paid to the method 
of fixing the perch ends, and devices should be used that will act 
as mite traps. 

The feather mite is similar to the red mite, but lives on the host 
and is therefore more easily dealt with. The same treatment 
advocated for red mite should be adopted in case of attack. 

The scaly leg mite lives in the deeper layers of the skin, usually 
on the legs. In case of attack, the legs become enlarged and covered 
with unsigh tl}" roughened greyish patches. Treatment of the legs 
with commercial paraffin and vaseline will quickly eradicate the 
disease. 

Depluming Scabies Mite. — This disease affects birds during spring 
and summer, and is characterized by the appearance of raw red 
patches bare of feathers. Owing to the irritation caused by the mite, 
feather-picking results in affected birds. Treatment by sodium 
fluoride dip is the best treatment, and will quickly get rid of the 
trouble. 

Roundworms. — Gape worms, the large fowl ascarid, and the 
caecum worm, are the chief roundworms that cause trouble in poultry. 
The gape worm lives in tlie windpipe, and is a common disease in 
young chicks. Affected chicks gape, and frequently give a curious 
little rasping cough. The disease is readily conveyed through 
infected ground. Treatment consists in segregating the affected 
birds, removal of healthy birds to fresh rearing ground, and avoid- 
ance of rearing grounds on which the disease is known to occur. 
By means of a feather dipped in equal parts of olive oil and 
turpentine and careful I3" passed into the windpipe, most of the 
worms may be removed, or persuaded to loose their hold on the 
windpipe sufficiently to enable affected birds to cough them up. 

Caecum Worm. — This worm, which is fine and threadlike and 
about I in. long, occurs in the chicks in the caeca, and loads to the 
appearance of unthriftiness in affected birds. The birds affected 
should be isolated and kept on wire screens so that the voided 
droppings may be removed and burnt. Bushnell and Bradly 
recommend injecting a solution made up of 1 drachm of oil of 
chenopodium in 6 oz. of olive oil, which solution is passed into the 
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lower bowel by means of a blunt syringe through the vent passage, 
repeating the treatment at the end of five days. 

Large Fowl Ascarid. — These roundworms are 2 to 3 in. in length, 
and are commonly found in the small intestines of affected birds, 
infection of which is characterized by unthriftiness and often 
diarrhoea. Treatment in adult birds consists in giving a 4 c.c. 
capsule of carbon tetrachloride after keeping without food over night, 
and feeding with mash until the dead worms are voided. The 
droppings from such birds should be collected and burnt. 

Tapeworms. — About 25 varieties of tapeworm are known to 
infect poultry, and since these creatures need an intermediate host 
to complete their life cycle, treatment consists in taking precautions 
to prevent the birds from picking up the infected hosts. In 
England, slugs are the commonest creatures known to act as 
carriers of this disease. Affected birds should be isolated, and 
treated with wet mash in which Epsom salts has been mixed. The 
usual dosage is 1 tablespoonful of salts mixed with every lb. of 
mash (weighed dry). Anaemia in birds is a characteristic symptom 
of infection with tapeworms. If, after Epsom salt dosage, tape- 
worms are detected in the droppings, 1 to 2 grain capsules of thymol 
should be given at five-day intervals until the droppings become 
free from this pest. 

Coccidiosis. — This disease is characterized by white diarrhoea 
and the droppings become tinged with blood, particularly in 
advanced cases. Birds affected with this disease are unthrifty in 
apjxiarance, and in the case of young chicks heavy losses occur 
through deaths. The micro-organism responsible for the disease 
lives in the intestines and damages the internal lining. Treatment 
consists in killing the affected chicks, followed by rigorous sanitary 
measures, such as burning all litter and refuse, and thorough 
disinfection of the brooders and other appliances. Care should be 
taken to avoid the transference of suspected birds to fresh rearing 
ground, owdng to possible contamination of the ground. 

Bacillary White Diarrhoea. — This disease, which causes heavy 
losses in brooder chicks, is characterized by diarrhoea and pasting 
of the vent, and is often confused with coccidiosis. Heavy losses 
among newiy hatched chicks, associated with diarrhoea, should 
immediately give rise to the assumption that this disease is present. 
On confirmation of the disease by competent disease specialists, 
the entire batch of birds, both affected birds and healthy ones, 
should be killed and burnt, and the brooders and incubators 
thoroughly disinfected. The disease is carried on from generation 
to generation by infected survivors who, though apparently healthy, 
are heavily infected. The infection is carried though the egg by 
such carriers. Treatment consists in prevention rather than cure, 
and this prevention is obtained by clearing out of the flock the 
carriers of the disease. By submitting a sample of blood obtained 
from an adult bird to a recognized veterinary laboratory, it is possible 
to state whether the bird is a carrier of the disease or not. Such 
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carriers should be immediately removed from the flock, killed and 
disposed of. The flesh from such birds is quite edible and may be 
used for human consumption. 

Avian Tuberculosis. — This disease occurs in adult stock, and is 
characterized by wasting or going light of the affected birds. Pigs 
can act as carriers of avian tuberculosis, a fact that should be 
constantly borne in mind by farmers keeping both pigs and poultry. 
Examination of the carcass of an infected bird will reveal the 
occurrence of typical tuberculosis lesions in the internal organs. 
Where the disease is present, the avian tuberculin test should be 
carried out, all reactors removed and destroyed and burnt, ard the 
houses thoroughly disinfected. The healthy stock should be 
removed to fresh ground for a year or two, and neither pigs nor 
poultry should be allowed on the infected premises. 

Fowl Pox. — This disease is characterized by the appearance of 
wart-like growths on the comb and wattles, eyelids, and other parts 
of the body, which growths after a fortnight or so form scabs which 
eventually fall off. Treatment consists in applying a solution of 
pigeon pox virus to all the birds in an infected flock. The solution 
can be obtained from the veterinary laboratory of the Ministry of 
Agriculture, together with instructions as to method of application. 

Diseases caused by Fungi. — Two diseases due to moulds occur in 
poultry, favus or “ white comb,*’ and aspergillosis. “ White comb ” 
is characterized by the appearance on the comb and wattles of 
greyish spots which gradually spread and may, in bad cases, involve 
the neck feathers. It easily spreads from fowl to fowl. Treatment 
consists in isolation of the infected birds, removal and destruction 
of litter and treatment of the affected skin areas by painting with 
tincture of iodine. Aspergillosis affects mainly young chicks, and 
arises from damp conditions in the brooder house, or from the use of 
straw or food containing the spores of the mould responsible for the 
disease. The fungus grows in the lungs and lung passages, and 
causes pneumonia resulting in the death of the chicks. The disease 
shows itself on post mortem examination as greenish or greyish- 
green patches, in which the actual fungus may be detected by 
microscopical examination. Treatment consists in thorough dis- 
infection of appliances, replacement of both litter and food by fresh, 
sound material, and avoidance of conditions conducing to abnormal 
humidity. An outbreak of this disease has been traced to the use of 
a disused greenhouse as a brooder house. 

General Observations. — Although the list of diseases dealt with 
in this article appears formidable, they are not likely to arise if the 
following hygienic rules are rigidly carried out as a regular routine ; — 

(1) Regular disinfection and cleaning of all poultry appli- 
ances. 

(2) Frequent replacement of all litter and nost-box materiale 
by clean, sound materials. 

(3) Use of sound mash and grain only of good quality. 
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Isolation for a month of ail purchased stock and stock 
returned fro/n shows before blowing them to mix with 
the farm flock. 

Refusal to obtain hatching eggs from other than a 
known reliable source, obtaining such eggs preferably 
from stocks blood-tested for bacillary white diarrha?a. 

KILLING AND DRESSING 

Killing. — There are many ways of killing a fowl, but the most 
humane one, as well as the quickest and cleanest, is to dislocate its 
neck, as no blood is seen. The bird should be taken by the legs in 
the left hand^ which can grasp the ends of the wings also ; take the 
head in the right hand. Place the legs against the left hip and the 
head over the right thigh. Draw the fow'l to its full length, and at 
the same time turning the head suddenly backwards, the neck 
becomes dislocated just below the junction with the head. There 
will be a certain amount of muscular 
contraction and some fluttering, but if 
the operation is properly carried out 
there is no pain. Plucking should com- 
mence as soon as the bird is killed, for 
a bird is much easier to pluck while 
warm. When this operation is com- 
pleted, the birds are placed on a shap- 
ing-board (Fig. 90) breast downwards, 
with a board and a w'eight placed on 
their backs, and left till cold. This 
greatly improves their appearance, 
making them look much plumper than 
they did before. 

Dressing and Trussing.— All that is 
required is a good knife, a trussing- 
needle (about 10 in. long), and some Fio. 90 .- SHAPi.NO-tioARD. 
fine strong string. 

The birds should be singed to get rid of the hair, using straw or 
grease-proof paper, so that there will be no smoke to discolour the 
skin. They are then wiped over with a dry cloth . 

Lay the chicken on its breast, take the skin where the neck joins 
the body in the thumb and first finger of the left hand, and make a 
transverse cut, exposing the neck. Cut off the neck just where it 
joins the body, leaving about two or three inches of skin in front ; 
now turn the bird breast upwards, and take out the crop. Insert 
finger in ^-shaped opening, and, loosening all the internal organs 
which can be reached, turn the bird on to its breast, stem upwards, 
and make a cut between the tail fimd the vent and an angular cut on 
each side of the tail (this prevents the skin splitting when the bird 
is being drawn). Insert the finger and find trail, pass the knife 
under loop, and cut off the vent. 

Loosen the fat from the gizzard, and then, by taking hold of this 
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and drawing gently, the whole of the intestines, with the liver, heart, 
and lungs, will come away in one mass. Cut off the extreme tips of 
wings and feet, and nick the skin in front of and an inch above the 
hocks. Place the needle through the leg and body and out through 
the leg on the other side, and back through the wing over the back, 
and through the wing on opposite side ; pull tight and tie. Pass 
the needle through body at end of back near the tail over the leg, 
through the skin under the breastbone, and over the other leg, and 
tie tightly. Smooth the fowl over, and the operation is complete. 

Ducks are generally killed by breaking the neck, as describe for 
the fowl, plucked, singtxi, and wiped over with a cloth. 

Cut off the neck where it joins the body, leaving about two inches 
of skin to fold over stump. Then place the bird in a basin and pour 
boiling water over the breast and feet (this tightens the skin and 
makes the bird look a great deal plumper). Lift the bird out of the 
water and wipe dry, then strip the hard outer skin off the legs and 
feet and remove the nails. Place the bird on its back, and with the 
second finger of the right hand loosen all the internal organs (as in 
the case of the fowi). Turn the bird round, make a transverse cut 
below' the tail, inscTt finger and find trail, which is cut off. 

Loosen the fat from the gizzard, and then, by taking hold of the 
gizzard and pulling gently, the whole of the intestines, with the 
liver, heart, etc., will eonu' away in one mass. 

Cut off the wings at the first joint, stitch the neck skin over 
stump and tie the wings across the back with tape. Press the feet 
inwards and downwards, so as to bring them under the thighs, and 
hold them in position. Then place the giblets — i.e., the nock, 
heart, liver, gizzard, and wings — into the body of the bird. Pass 
the tail tlirough the hole where the vent is, cut out and tie the legs 
across the back with tape. Lay any fat which is taken out of the 
bird, over the breast, and place on a slate slab to cool for a few 
hours, when it will be ready for market. Never pacjk ducklings 
whilst they are warm, because they discolour so quickly. They 
should always be allowed to get cool and firm before packing. 

Geese. — The best method of killing a goose is to give it a sharp 
blow on the head with a stick to render it unconscious, and then cut 
across the base of the skull with a sharp knife. 

Geese are dres.sed in the same manner as described for ducks. 

Turkeys. — The best method of killing a turkey is to fasten its 
legs with a strong cord, and by this cord suspend it to a beam head 
downwards at a convenient height for the operator to pass his left 
arm round the bird’s body. Take its head in the right hand, extend 
its neck to the full length, and give a strong jerk downwards, at the 
same time turning the head upwards. The neck is dislocated just 
below the junction with the head, and death will be instantaneous. 
There will be some muscular contraction, out no further pain. 

Turkeys are dressed in the same way as fowls, though it is usual 
to remove the merr}^ thought, so as to allow' of a better cut of breast 
and forcemeat when carving. 
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PRESERVATION OF EGGS 

Eggs for preservation should be treated as soon as ])ossil)le aft/cr 
they arc laid, or as soon as they have cooled . Infertile eggs are likely 
to keep better than fertile ones. 

The best months for prest^rving eggs are* March, A})ri!, May and 
June, and these are the months when the eggs are most })leutiful 

T}>e best results are obtained when the eggs are stored in a cool 
pi acre. 

Th(‘ following are the common methods of preserving eggs : — 

I. Water j^lass (Kilu^ate of sofla). 

II. Lime water. 

III. Salt. 

IV. Fat or Butter. 

Water-glass is now one of the most popular methods of prt^serving 
eggs. A concentrated solution may be purchased at all chemists 
and stores, and it is very easy to prepare. A 10 per cent, solution is 
generally employed though experiments have proved that a 5 per 
cent, solution gives very good results. It will mix better with hot 
water, but the solution must be quite cold before putting in the 
eggs. Take care to see that all the eggs are sound when putting in. 
If any are cracked, they may spoil the whole batch. that the 

solution covers the eggs to a depth of about 2 in. 

Lime Water. — This is one of the oldest methods of preserving 
eggs, and it has the adv'antage of being very cheap. One gallon of 
lime (slaked) is mixed with a quart of salt and added to five gallons 
of water, and thoroughly mixed and allowed to stand for a few days. 
The clear liquid is drawm off, and this is poured over the eggs so as 
to completely cover them. A cloth is placed over the top, just 
touching the water, and into this cloth some fresh slaked lime is 
put, 80 that if the lime in the solution loses its effect, more can be 
taken up. 

When the eggs are taken out of the solution they require very 
careful handling, as the shells are very brittle, and they are also 
very rough. 

Salt. — Eggs can be preserved in salt by placing about 2 in. of 
salt in a jar or case and laying the eggs in the salt with the broad 
end down. Cover with a 2 -in. layer of salt, and another layer of 
eggs, and so on, till the case is full. The one objection to this 
method is the increase in the air space, which gives the eggs the 
appearance of being stale. 

Greased Eggs. — This method consists of coating the eggs with a 
thin layer of fat or butter. Take a small piece of butter in the 
palm of the left hand, and with the right hand turn the egg round 
several times, so that it gets a thin coat of butter all over the shell, 
thus closing the pores and preventing evaporation of moisture. 
The eggs are then stored, with the broad end downw^ards, on shelves. 
( .‘are must be taken that the butter is of good flavour, or the contents 
of the egg wall become tainted. 
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CHAPTER XXV. 

ANIMAL PRODUCTION. 

The main place of the animal in agriculture (apart from work) is 
to consume crops which cannot be used for human consumption 
direct, and so manufacture from them an article fit for human 
consumption. Where the climate and soil are good and will 
produce good com crops which ripen well, as in the south and east 
of Great Britain, the animal does not play such an important part 
in agriculture as it does in the north and west, where the crops 
grown do not mature so well, and consequently are not so fitted for 
human consumption. Thus as one goes to colder climates with 
less sunshine, and to wetter climates where ripening is delayed, 
the animal becomes more and more important in agriculture. 
Similarly when, as at the present time (1932), the prices of com 
are low, pigs and poultry, which consume grain fo^s similar to 
those consumed by man, can be used with profit to cash and reduce 
the surpluses of these otherwise almost unsaleable products. 

The climate and soil will also, through the general effect on the 
chemical nature of the plant products, determine the nature of the 
animal product it is most profitable to produce. In the early 
stages of growth the plant contains a high proportion of protein : 
with groA/th formation of carbohydrates takes place, and sugar and 
starch accumulate ; while later, as the flowering stem is formed, 
these are turned into lignified cellulose, and most of the remainder 
is translocated to the seed. Thus there are three main stages in 
the life of the plant — protein, carbohydrate and fibrous. Now 
where the climate is cool or the soil damp, or both, this process of 
change is delayed in time, and the grazing season is long ; while 
under the opposite conditions it is speeded up and the grazing 
season is short. Consequently, we find that in cool, moist climates 
and places pasture land predominates ; while in hot, dry climates 
arable land is prevalent, for by this means water is conserved and 
crops can be grown at different seasons in succession. Thus it is 
in the north and west, with areas of high rainfall, that a protein 
food suitable for milk production and growth is most easily produced, 
and cattle are merely reared and then sent to the Midland grassland 
area, which has a lower rainfall and higher sunshine and so higher 
carbohydrate production, for fattening in the summer, and to 
arable districts of the east (Norfolk) for fattening off on roots in 
the winter. There are, of course, many exceptions to this general 
statement due to other causes operating, but the above-mentioned 
outline shows the main trend of cattle production which has been 
found by experience to be economic on the large scale in this 
country. Similarly, as regards milk products — excluding the sale 
of fresh milk, which is protected (by its perishable nature) from 
outside competition, and is so outside the pressure of these economic 
forces. With cheese and condensed milk, where the chief product 
is the proteins, we find that it is the grassland districts of the west 
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which can produce it most economically (and, moreover, the quality 
of the cheese is better when made from grass), while when the fat 
as butter or cream is the main consideration, then districts bordering 
on those suitable for fattening, t.e., with sunshine and shower — the 
Channel Islands, Devon and Cornwall, and formerly districts in 
Suffolk — are the most favourable. 

Where a product can be sold in the fresh condition for direct 
consumption (such as pork or fresh milk), it is usually more profitable 
than one which has to undergo a manufacturing process first 
(bacon, cheese, butter) ; but the market for the former is limited 
and often seasonal (pork meets with a smaller demand in the hot 
weather), so that the latter act as safeguards in times or seasons 
of over-production, and in places where the costs of production are 
low, may form the primary product. Where an article such as 
bacon can be produced largely from the by-product (skim milk, 
whey, etc.) of another article such as butter or cheese, it can compete 
favourably with the same article produced as a primary product, 
for at times of unfavourable prices it can be sold at cost price, and 
the market kept, if the other product is selling well. Similarly, a 
system of farming where sheep or bullock fattening is associated 
with corn (barley) growing on poor soils, the manurial value of the 
animal when the crop value is high will allow of low production 
costs for mutton or beef, whereas when the price of meat is relatively 
high the profits on this will allow of low costs for the production of 
com. Thus by such a system the business of farming is stabilized. 

Fertility and Sterility . — The structure and functions of 
the reproductive organs have already been described (see p. 454). 
Fertility is controlled for the most part at three main stages in 
the process of reproduction : (a) The number of ova or eggs which 
are produced by the female at each heat period ; (b) the number of 
these eggs which get fertilized ; and (c) the number of these embryos 
which develop up to the time of birth. 

(a) The number of eggs which ripen in any given species is 
determined by the amount of some substance or substances 
circulating in the blood rather than by the structure of the ovary, 
for when one of the ovaries is removed (e.^., in a pig) the number of 
young born in the litter is the same as in the normal animal. The 
chemical nature of the substance has not yet been determined, but 
it has been found that it is secreted by the anterior pituitary, a 
small gland at the base of the brain. This substance is also probably 
used up in growth and in lactation, so that the young animal when 
growing rapidly does not come on heat and breed ; but as soon 
as growth, particularly of the long bones, begins to slacken, then this 
substance would appear to become available, and the animal becomes 
sexuaUy matiure. For a short time after this (age of puberty), and 
before growth is quite completed, the number of eggs shed is below 
normal ; thus a sow will on the average increase in litter size up 
to about the fourth litter, and remain at this high level for some 
long time, onl}' decreasing in litter size again in extreme old age. 
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Similarly with lactation, the sow, which for its size gives much more 
milk than the cow, only breeds readily after the* young are weaned. 
It is in the ewe, however, where the number of eggs ripene?d is the 
most important factor in fertility. Not only (as in the fowl) can 
the number of eggs shed be increased by breeding and selection for 
this quality, but also (as in the fowl) the method of feeding before 
the heat pfuiod plays a large part in increasing the number of eggs 
shed. Extra feeding, or “ flushing,” particularly on fresh green 
stuff such as mustard, ra{)e, or a fresh pasture, just before and 
during tupping time, is the most important factor in ensuring a 
good crop of lambs. Since the number of eggs shed depends on 
the vigour and not on the fatness (which is deleterious) of the 
animal, the running out of the flock thinly on fresh ground, or the 
breaking up of a large flock into small lots, at tupping time will 
also raise the crop of lambs obtained. The rate of egg production 
in the fowl (see p. 641) varies greatly at different seasons of the 
year, owing to climatic conditions and to the amount of light. 
The effect of climate is also seen in the ewe (autumn), and mare 
(spring and summer), which have breeding seasons during wdiich 
the eggs ri]:)en, although in some breeds of sheep (Dorset Horn) 
the season is much extended. While in the cow breeding wdll 
occur all the year round, yet in spring and summer, when the cows 
are on grass, conception occurs more readily, for under wild 
conditions the cow breeds only at this time of year. 

While in the fowl eggs ripen almost every day when conditions 
are favourable, in the mammals the time betwecui the ripening of 
the eggs is spaced out so that these times (heat periods) recur about 
every three weeks in the mare, sow’ and (‘ow. This is probably 
regulated by the formation and ))erHistence of the corpus luteum 
in the vesicle from which the egg is shed (which does not occur in 
birds), the presence of this body preventing other eggs ripening, 
and it is not till the corpus luteum begins to atrophy (at the end of 
three weeks) that the animal comes on heat again. If the animal 
becomes pregnant the corpus luteum does no* atro])hy at the end 
of three weeks, but remains large and secretes into the blood 
substances necessary for the attachment and nourishment of the 
embryo, for when it is removed during pregnancy abortion follows. 
Occasionally, however, the corj)Us luteum remains large even 
thougli the animal is not pregnant, and such cows show no signs 
of heat for some time (two to three months or more). By inserting 
the hand into the rectum the corpus luteum can be squeezed out, 
and the cow will come oh heat again within a few days (see Fig. 01 ). 
Another cause of sterility is due to the vesi(;le in which the egg is 
produced failing to rupture at the time of lieat ; the vesicles may 
then go on increasing in size and form b^.rge cysts, in which case 
the animals often show no further signs of heat, although not 
pregnant, or (there })eing no corpus luteum to prevent other vesicles 
ripening) may form a number of small cysts, in which case th<‘ 
animal u ill be continually coming oil heat (nymphomania), showing 
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a high tail head and relaxed ligaments such as normally occur just 
before calving : such cysts may be cured by rupturing them by 
the hand through the rectum. The majority (90 per cent.) of 
heifers born twin to a bull are not fertile (Freemartins), because 



Fig. 91 — RsoTAii Examination of the Rkpboduotivb Organs in thb Cow. 

(a) N oii'pregnarU — with hand in rectum (b). After feeling the hard 
cervix (c) the division of the uterine horns (u) cem be felt on the brim of the 
pelvis, and following these round, the ovaries (o) can eiwily be detected and 
the protruding corpus luteum squeezed out. a is the cavity of the rumen. 



(6) In late pregnancy — with hand in rectum (r). Tlie cervix (o) can be 
felt, but the uterus (u) and ovaries have dropped into the body cavity and 
only the lower end of the uterus and foetus (f) and a few of the cotyledons 
(f) can be touched, a is the cavity of the rumen. 

(From “Fertility and Animal Breeding,” Bulletin No. 39. Ministry of 
Agriculture and Fislieries. By permission of Controller of H.M. Stationery 
Office.) 

the development of the female organs has been inhibited by fusion 
with the blood system of the male twin ; the twin bull is, however, 
perfectly fertile, as also are both individuals of a pair of heifer twins. 
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The eggs, after being shed from the ovary, can only live for a 
few hours unless they are fertilized by sperm, so that mating 
usually takes place several hours before the eggs are shed, otherwise 
the eggs will not get fertilized. For example, the eggs laid by the 
fowl are not fertile until 28 hours or more after the hen lias been 
mated. Similarl}^ although the sperm of the male can live for over 
a month in the male epididymis after it is formed, it does not live 
very long in the female passages, although the chances of living 
vary greatly in the different species. In the fowl most of the eggs 
will be fertile up to 7 days, and a few up to 15 or even 21 days 
after the cock has been removed from the ]x'n : but in the larger 
farm animals the life of the sperm is probably very much shorter, 
and the chances of fertility are greatly decreased as the length of 
time (beyond that required for the sperm to ascend the tract) 



>’h;. 92. Ai*i»earan( K cndkr thk Microscoi’k Sk.vk.n nn>\i 
(a) Fertile Bull. {l>) Sterile Jiull. 

8 warming with actively motiU? VN ith only an occasional ciearl sper 

spermatozoa. inatozoon .sc<‘n. 

(From ‘‘ Jour. Agr. Sci.,” XI., 1921.) 


between mating and the shedding of the egg is in(‘reased. In 
some of the farm animals the heat period i.s short (ewe, 3 — 51 
hours, averaging 27 hours ; cow, 6 — 30 hours, av<‘raging IS liours), 
so that no great length of time can usually elaps(‘ between mating 
and the shedding of the egg under normal conditions. In the marc, 
however, where the heat is long (3 — 15 days, avei age 0 days) there 
is a danger of mating too early in heat. The travelling stallion 
which serves mares once onl}" at any time during the heat jx^riod 
averages only about 53 per cent, of foals, whereas th<‘ pony staUion 
which is run out W9th 6 — 8 mares and ves them at all times, 
will get 90 per cent, or more of foals. In such cases as the mare, 
where the sperm may have to live a long time in the female passages 
before the egg is shed, the chances of fertility are much more affected 
by the number of sperms that ai<* produced l)y tlu* male ; thus 
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with travelling stallionn some are regularly good “getters,” 
producing up to 70 per cent, of foals each season, while others 
Hometimes give results as low as li5 — 20 [xt cjcnt. In all species 
the males may occasionally have periods, due to mismanagement, 
had feeding, in-breeding, etc., when they are producing few or no 
s[>erm8. Such animals may have all the desires and powers of 
mating, but it is easy to detect them by examining a sample of the 
senum under the microscope (see Fig. 92). 

Under-feeding and over-u.sing young males, and under-using 
or over-feeding old males, are, together with in- breeding, frequent 
c auses of the failure to produce sufficient sperm. A common cause 
of skTility in the mare is the evacuation of the semen directly 
after service, thereby reducing the numbers of, and so the chances 
of survival, in the sp)erm. This can be prevented by keeping the 
uuuM* moving after service, or use can l>e made of artificial insemina- 
tion. thc‘ senH‘n being caught in a basin and injected with a syTinge 
into the ntenis, from whence it cannot be extruded. Artificial 
ins<unination may also be made to extend the use of the best sires : 
in carrying out this practice, which is still in the experimental 
stag<‘s, the sjKU'm has l)een found to liv'c best outside the body 
wImmi it is k(‘pt as far as possible away from air at temperatures of 
50 — ()0° F. Young have i)eon ]jroduced by sperm kept up to s^*ven 
days outside th(‘ body by this means in rabbits. 

In many animals, and particularly the pig, a number of the 
( rnbryos die off and are al).sorbed during the course of development. 
oi are ( xpelled in a mummified condition and eaten with the cleans- 
ings l)y the sow after birth (see Fig. 93). Thus in many adult 
sows wliicli start with 15 — 20 young, only 4 — 7 live up to 
Uif* time of birth. Tie' cause has not yet l>een determined in })vgs, 
but it is in ail probability the same as that in rabbits, where it has 
Ix en found to i)c a definite genetic character which can be selected 
and bred for : it is of the nascent type (see p. 410), i.e., one which is 
likely to ap|K’ar on in -breeding. 

Then* are other causc*s which prevent the development of t)i ' 
' oung : heavy lactation after a sow is served before the young are 
weaned will cause the embryos to be absorbed. Feeding rnucli 
frozen roots to ew^es, and serious digestive troubles, are also liabk 
to cause a[)ortioii, wiiile a bacillus is the cause of a troublesome 
disease — ('ontagious Abortion — in cows (see p. 672). All these, 
liowev^er, ditfer from the above-mentioned genetic fmtal atrophy 
in that all the young are aborted or absorbed. Death of a few of 
the young only does not cause abortion, because the presence of 
some living young k<xq)s the corpus luteuni active, and so prevents 
abortion, whereas when this stimulus is absent the corpora lutea 
atrophy arul birtli or abortion t-akes place. 
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Fio. 93.- Fcetax Degeneration in a Sow Killed about the 
Middle of Pregnancy. 

Number of eggs shed at heat (as determined by the 
number of corpora lutea) ... ... ... ... ... 24 

Number of normal foetuses ... ... ... ... ... 12 

Number of degenerate foetuses ... ... ... ... 1 1 

Eggs missing (probably not fertilized) 1 

(From “ Jour. Agr. Sci.,” VI., 1914, Plate IH.) 








DEVELOPMENT OF DDDER 613 

Hilk Produotion. — ^The structure of the udder and the process 
of milk formation are briefly referred to on p. 522. The udder 
develops from the epidermal layer of the skin, which is thrown up 
into two ridges — the milk line — on each side of the abdomen ; on 
this line at different points down-growing buds are produced, each 
of which eventually gives rise to a gland and teat. In the pig the 
line extends throughout the whole abdomen, but in the cow the 
buds, usually two on each side, develop only in the posterior 
portion ; other smaller ones may often be found, usually behind 
or between the main ones, at different points on the line, but such 
“ supernumerary glands ” are of no value, and decrease rather than 
add to the function of the udder. This tendency is inherited, and 
can be selected against both in the bull and the cow, while in the 
individual they can be prevented by surgical removal of the super- 
numerary teats in early life. Nipple number is inherited in pigs, 
and the boar can increase or decrease the numbers in his offspring ; 
these usually averaging a number intermediate between that of 
their parents. From the milk bud a sprout develops which grows 
down and then hoUows out to form the milk cistern ; from this 
some 12 — 16 secondary sprouts develop which by branching from 
the milk ducts, at the end of which later in life the milk secreting 
portion develops. This duct stage is reached at birth, when the 
development of the gland (apart from the fat associated with the 
udder) is much the same in both sexes. 

The origin of the mammary glands from the skin is the cause of 
“ seedy-cut,” a defect which sometimes occurs in the belly portion 
of bacon (see Fig. 94). This only occurs in black pigs, the skin 
pigment being developed in the ducts of the glands as in the skin 
from which it arose. More is present in sows than in boars, and 
much of the development in sows is prevented by spaying, while 
in old sows which have produced a litter it is never seen, since the 
metabolism of the cells change to a milk secretion function during 
pregnancy and then lose their power of producing skin pigment. 

The ducts of the udder develop further when the heifer becomes 
sexually mature, owing to a secretion from the corpus luteum 
circulating in the blood. The amount of such development bears 
no relation to the external size of the udder (which is due largely 
to fat deposits), for in the freemartin (a sterile heifer twin to a bull 
referred to above) the udder may appear quite large, but the amount 
of gland tissue, because of the lack of functioning ovaries and corpora 
lutea, is only equal to that of a calf at birth. When the heifer 
becomes pregnant very little change occurs in the udder until the 
twentieth week, when the alveoli or milk-producing parts of the 
gland begin to grow. Hitherto a thin watery secretion can be drawn 
from the teat, but now this secretion changes to a thick, honey-like 
secretion rich in globulin ; it is this secretion mixed with the 
milk which is formed later which gives rise to the “ colostrum,” 
or flrst milk, which coa^lates on boiling. Globulin is associated 
with the anti-bodies of diseases to which the cow has been subjected, 
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Fio. 91. — “ Seedy Cut ” : the Mammary Clands of the Pia containing 
Black Pigment Oukhnating from the Skin. 

The occurrence of this df'tracts from the value of the piff for bacon, as 
the area containing it has to be cut away before the side is cureii. The bacon 
is perfectly good, but is objected to by the consumer. 

(From Messrs.. C. & T. Harris, Caine, Wilts.) 

to decline sharply at this stage (twentieth week of pregnancy), for 
the gland cannot both function to secrete milk and also grow to 
fullest extent at the same time. It is essential that full growth of 
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the udder should take place if a high yield is to be made in the next 
lactation, so that cows should be dried off for 40 — 60 days before 
calving again ; in this time almost complete growth can be made, 
but a shorter dry time usually curtails it, and so the subsequent 
yield falls considerably (sc*e p. 620, “ Corrections for Dry Period ”). 

The growth of the gland can also bo assisted by feeding the cow 
well before calving — the so-called “ steaming-up ” process. Such 
feeding should consist of a high protein ration such as is suitable for 
milk production so that a hard physical condition and growth are 
promoted rather than fattening. At the time of calving, however, 
a laxative diet should be fed, as this assists cleansing, and also acta 
as a preventive of milk fever. Although dependent on the time of 
year a cow calves (due to fetxiing conditions), the milk yield usually 
rises under optimum feeding conditions to a maximum about six 
weeks after calving. During this time, in order to obtain the 
maximum output, a cow should be fed with an allowance of con- 
centrated food abov^e that sufficient for the yield she is actually 
giving. The method of feeding affects the rate of milk secretion 
considerably. In general, the proportion of protein should be high, 
the bulk (fibre) of the ration limited, and the diet made slightly 
laxative, so that the rate of digestion may be increased ; but when 
large quantities of medals are being fed care should be taken to set 
that the mixture is “ light ” (for example, bran and flaked maize 
as compared with maize meal or bean meal), i.e., will not paste 
when mixed with wak^r, or otherwise digestive troubles will occur. 
Lightness, without unduly increasing the bulk, may be given to a 
ration by adding sugar-beet pulp, in which the fibre or cellulose is 
easily digestible. 

The rate of milk secretion is also greatly affeckd by pressure : 
the function of the milk cistern (see p. 613) is to relieve pressure 
on the gland and form a reservoir from which the calf can draw it 
off periodically. After milking, when the pressure within the 
udder is low, secretion occurs at a fast rate, but as milk accumulates 
in the udder the internal pressure rises, and the rate of secretion is 
slowed down. Thus when a cow is milked every four hours, and 
milk is being secreted at the rate of 113 Ib. per hour, the same cow 
will, if it is milked at 12-hour intervals, only secrete milk at the rate 
of 0*7 lb. per hour. The yield in each successive hour after milking 
is approximately 90 per cent, of the previous hour’s yield ; this 
fact forms the basis for the practice of equalizing the intervals 
between milkings as far as possible, and is the reason why three 
limes a day milking will produce some 12 — 15 per cent, more milk 
than twice a day milking. 

Frequency of milking is especially important in high producing 
cows if their high yields are to be maintained, for nothing inhibits 
the production of milk more than leaving milk in the udder : for 
this reason milking should always be done thoroughly. The cure 
for milk fever effected by pumping up the udder with air owes its 
efficiency to the fact that the pressure so set up slows down the 
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rate of milk secretion. All the milk which is obtained from the 
udder at any milking is already present in the udder when milking 
begins ; it was formerly thought that part at any rate, was pro- 
duced by the stimulus of milMng, particularly so as some cows 
have the power of holding up their milk. This, however, is due to 
a nervous reflex by which the milk is prevented from passing 
through the fine ducts, and occurs when the cow has been frightened 
or disturbed ; milking should therefore be done as quietly as 
possible, and if any trouble occurs the cow’s back may be scratched 
to put her at her ease again. 

Milk records have been a means of improving the yields of milk 
by both breeding, feeding and management. A study of these 
under different commercial conditions of management in different 
districts soon shows up defects and suggests means of improvement. 
Under commercial conditions there is a great seasonal difference in 
the yield of milk given by cows at different times of the year. For 
example, in a herd where an equal number of cows calved in each 
month of the year, the output would he as follows : — 
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Mean yield during different months of the year. 
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Fio. 95. — The Seasonal Variation in the Rate of Milk Secretion. 

The curves show the mean weekly yields per cow during the different 
months of the year in a herd where an equal number of cows calve down 
e€U)h months t.e., where other faKJtors than the seasonal effect are eliminated. 

(From “ Jour. Agric. Science,” XVII., 1927.) 

Differences between the two districts show up the effects of 
agricultural practice therein. In the winter months, during which 
the feeding is much the same, the yield remains fairly uniform, but 
when the cows are turned out to grass in the spring the yield goes 
up quickly (owing to the non- bulky and high protein content of the 
young grass) while in July (when the grass gets old and fibrous) 
the yields begin to fall off rapidly. Thus throughout the country 
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there is usually a surplus of milk in May and June which must find 
some other outlet than consumption as liquid milk ; this surplus 
can be partially avoided by calving a higher proportion of cows 
during the late autumn months (as is done in the arable districts 
supplying the winter milk to towns), while the production of cream, 
butter and cheese, combined with pig-feeding and veal production, 
can be used to take off any remaining surplus production. On the 
other hand, in the gra.s8land districts of the west, advantage is 
taken of the relatively inexpensively produced young grass, which 
has a high value for milk production, to produce cheap milk (for 
cheese and condensing) by calving almost all the cows in the early 
spring months, so that their maximum production occurs at a time 
when this food is available. 

Owing largely to the seasonal variations in feeding the total 
lactation yields of cows will vary with the time of year they calve, 
cows calving in the autumn and winter months giving a higher total 
lactation yield than those calving in May — August. How this is 
brought about can be seen by studying the average shapes of the 
following “ lactation curves ” (Fig. 96) of cows calving in different 
months of the year. 

The May calver gives a higher yield at first (maximum yield) 
owing to the effect of the young grass on which she is being fed, 
but her yield quickly falls off as the grass gets old and fibrous, 
and it continues to fall, so that she is on the average dry in 38 weeks. 
On the other hand, although the October calver does not yield so 
much at first l)ecause she comes in on winter rations, she milks 
steadily on these, and just as she is beginning to fall off she is turned 
out to grass in the spring, which causes her yield to rise, so that 
she does not become dry on the average until the forty -fourth 
week. The better cows are fed and managed, however, the less 
difference will there be between two such curves in a herd ; those 
given represent actual averages of Milk Recording Societies. 

The fall of milk yield during the lactation period is due to the 
gradual wearing out or senility of the gland. Just as the animal 
as a whole has a period of growth, of adult vigour, and of senile 
decay, so the tissues of the mammary glands undergo such changes 
and have to be rejuvenated periodically in the life of the animal. 
They are presumably rejuvenated by internal secretions produced 
during pregnancy (see p, 614), and since during this process the 
yield of milk is inhibited, there is an optimum length of time 
between calving and the next service, and so the next lactation. 
It has been found that with cows averaging about 8,000 lb. of milk 
in the lactation, that calving at yearly intervals gives the maximum 
output, for if calving is more frequent the total life production is 
depressed by the effect of short ^y periods, preventing full sub- 
sequent lactation, and if calving is less frequent then so much time 
is spent on the low end of the lactation period that the output is 
again reduced. Where higher yielding cows are used, however, the 
intervals between calvings may, with advantage, be prolonged to 
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15 months. Heifers, after their first calf, are best given a rather 
longer rest before their second as, not only is their lactation curve 



Norfolk No. of lactations = 232 ; Mean total lactation yield = - 6,049 lb. 

Penrith No. of lactations — 122 ; Mean total lactation yield - 6,34.3 lb. 



(b) October Calver.s. 

Norfolk No. of la^'tations — 416 ; Mean total lactation yield — 7,099 lb. 

Penrith No. of lactations = J06 ; Mean total lactation yield = 6,077 lb. 


Fio. 96. — The Lactation Curve, Showing the Changes in Shape due 
TO Differences in Seasonal Conditions. 

(a) From cows calving in May. {b) From cows calving in October. 

Note the high initial yield and sharp Note the lower initial yield, but slow 
fall during the autumn months, decline during the period of winter 

feed, and the rise that occurs in 
May and June. 

(From “ Jour. Agri. Sci,,’ XVII., 1927.) 

unusually prolonged as compared with older cows, so that the 
development of the udder suffers from a short dry period, but their 
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body is usually still growing, and a slightly longer rest will give a 
better developed cow'. 

The yield of milk given by a cow rises on the average with 
successive lactations up to the sixth, and then begins to decline 
at much the same rate. This fact is made use of by some breeders, 
who keep young cows up to the fourth or fifth calf while they are 
appreciating in value, and sell them at their maximum to town 
dairies when they are milked out and fattened before they begin 
to depreciate. In advanced registers of herd books the yields to 
qualify for entry at the different ages are based on sucli average 
figures for increase with age. For example, the British Friejian 
Society have a scale ranging from 8,0(K) lb. at years old or under 
to 13,000 lb. at 5 years old and over. 

Breeds vary considerably according to the average amount of 
milk and percentage of butter fat thcyv give, but there are also within 
each breed variations as large as the difference's between breeds. 
The following average figure's for the yic'lds and fat jx'rcentages of 
the different brec'ds at tlie .London Dairy Show will give an idea of 
the comparative maximum yields of the different brc'cds. These 
will give an indication of. although thc'v are not al)solutel\' related to, 
the total yield given in the lactation, for some* breeds and individuals 
which have a high maximum yield tend to dry off quickly, while 
other breeds and individuals in which the* maximum yield is com- 
paratively low an' very persistent in lactation. The Lincoln Red 
and the Red Poll are examples of thc'se two tyt>es rc'spectively. 
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1 :u <> 

i o-OO 

180)0 

' 2-04 2-18 

Guerii'ie V . . ... I 

:hi 1 

i 4-71 1 

21 (>o 

I-8<) i 1-87 

British Friositin ... 1 

o7 t) 

1 :ioH 

32 1)1 

2-lO i 1-88 

Hod Boll ... ; 


1 :M)9 

2So4 

2 13 ; 1-83 

Ayrsliire .. ... | 


1 4 02 

25 -08 

2 28 , 2 24 

Lincoln Ked ... ! 

480 

:i-r.7 ' 

27 35 

2-51 2 l.i 

K'Try j 

:i()b 

i 1 

26-33 

1-38 ! 1-14 


Since the lactation yield of a cow varies with environmental 
conditions, these should be taken into account when comparing the 
value of different cows in the herd for purposes of selection in 
bree<iing. Tlu' following table shows what corrections should be 
made to standardize a hu tation record for the.si* ('iivironmental 
conditions : - 
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While such methods allow of a fairly accurate selection of cows, 
difficulties are met with in the selection of the bull, since no measure 
of his actual production is possible. By recording the average 
corrected yields of his daughters, however, his breeding value for 
milk production can be measured. Breeding from these proved 
bulla is the most certain method of improving milk yields, but the 
time which must elapse before the bulls can be tested makes them 
difficult to obtain. By testing bulls regularly, however, both sides 
of the pedigree for milk production can be filled in, and the methods 
of breeding for milk production will probably develop along these 
lines. 

The milks of different species of animals can be classified into 
two types, according to the nature of the chief protein which they 
contain. The albumin, or rather “ globulin,*' milks are those in 
which the proportion of these proteins is high ; in these it is not 
easy to produce a curd or make cheese, as these substances protect 
what casein there is present from the action of rennet. They are 
probably of a lower evolutionary type, and are much like the colos- 
trum of the cow in their properties ; human and mare’s milk is of 
this type. The other type, “ casein milks,” in which casein is the 
chief protein form a cuid with rennet and can be used for cheese- 
making ; the milks of the cow, ewe and goat are of this type, 
although during the inception of the secretory process they paas 
through the globulin stage as may be observed in the colostrum. 
As pointed out above, colostrum is formed during the growth of the 
gland, and so if the cow is milked up to the time of calving, more 
milk and not colostrum is produced directly after calving. 

Of the constituents of cow’s milk, the lactose and casein are the 
most constant in the proportions present ; there is some variation 
in these, however, and milk may occasionally fall below the official 
standard for sohds-not-fat (8-50 per cent.). Lactose is not found 
elsewhere in the body, and is undoubtedly formed in the mammary 
gland from the blood. Of the two main theories of milk secretion : 
(1) that with the formation of lactose the osmotic pressure so set 
up in the cell draws in water and washes the proteins out to form 
milk ; and (2) that a glycoprotein substance is built up in the cell 
which by the action of calcium is broken down into casein and 
lactose — not sufficient evidence is yet available to form complete 
proof of either. The older theory that milk was formed by the 
tops of the mammary cells breaking down has, however, been 
shown to be erroneous. Fat, which is the most variable constituent, 
is formed as minute globules in the cells, and is extruded or washed 
out of the cell by the flow of fluids. Since the fat is commercially 
the most important constituent, some of the causes for variation 
in its percentage may be described. 

It has been noted above that pressure on the udder slows down 
the rate of milk secretion. This effect is much more marked on 
the fat than on the other eonstituents, so that where cows are 
milked at unequal intervals of time, the percentage fat in the milk 
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obtained in the evening after the short interval is usually much 
higher than that obtained in the morning’s milk after the long 
interval. In cases where the morning’s milk is on the border line 
of the official standard (3 per cent.), but the evening’s milk well 
above standard, the danger of deficiency can be avoided by more 
nearly equalizing the intervals between milkings. As the surface 
tension of the fat globules is higher than that of the milk fluids the 
fat passes down the small milk ducts more slowly than the other 
constituents, and so the milk first drawn is usuall}' very low in fat 
(1*5 per cent.), and the percentage rises gradually up to the end of 
milking (often 10 per cent. fat). The stri])])ings should th(‘refore 
be mixed equally with the other milk, and not all [)ut into the same 
churn, if an even sample is to be obtained. For this reason cows 
should be milked quickly, so that the flow down the small milk 
ducts is swift, and the fat globules more completely removed. 

The rate of secretion in the solids-not-fat and the fluids of milk 
is more easily influenced than is the rate of the formation and 
secretion of fat, so that as a rule those conditions which cause a 
quick rate of milk secretion U*nd to reduce the percentag ' of fat 
in it. Tims during the course of lactation the fat ])ercentage 
gradually falls until the maximum yield is reached, and then rises 
again to the end of the lactation as the yield falls. Bad feeding, or 
digestive troubles which decrease the yield, generally raise the fat 
percentage, although subsequent good feeding and increas<‘ in yield 
will cause it to fall again below normal. Tlie increase in yield ot 
milk in the cow with age up to the sixth lactation is not, how'ever. 
associated with any marked decrease in the fat percentage of the 
milk, for such an increase in yield is not so much due to increased 
rate of secretion as it is to increase in the area of the gland. Breed 
dilferences in yield may be due to both rate of secretion and to area 
of gland, so that in many cases increase in yield due to brewed’ ng is 
associated with a lower fat content, while in other ca.ses it is not , 
thus not all cows of high-yielding breeds necessarily give milk low- 
in fat jiercentage, although in general this occurs. While feeding 
has little, if any, effect on the fat percentage of the milk, except in 
80 far as it increases or decreases the total yield of milk, yet certain 
foods, such as palm nut and coco-nut cakes, especially when rich 
in fat, are said to prevent the fall in fat percentage when the yield 
is increased by feeding ; possibly this may be due to their fats 
being very similar to butter fat in composition. 

The average size of the fat globule is an important factor in 
determining the use of the milk. In milk such as that of the Jersey 
and Guernsey, with large fat globules, the cream rises easily, and 
the ratio of butter to milk obtained (even with equal fat percentages 
— see Table I) is much higher than with breeds producing 
milk writh small fat globules, such as the Ayrshire and Friesian. 
The milk of the latter, however, is more useful for condensing and 
cheese-making, as the fat is more evenly distributed throughout 
the sample. 
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The rising of cream on milk, and the formation of a thick 
cream -line (which is important when selling bottled milk), is not 
only assisted by the presence of large fat globules, but it is mainly 
induced b}^ an agglutination (similar to bacterial agglutination) of 
the globules caused by the presence of small quantities of globulin 
in the milk. Pasteurization of milk at high temperatures coagulates 
the globuhn and prevents the formation of a good cream-line, 
which can, however, be regained by the addition of small quantities 
of this substance from skim-milk or colostrum. 

The colour of butter, and likewise of cream and milk, is due to 
a pigment (carotin) which is produced from the green colouring 
matter of plants. Feeding on greenstuff will give a dark yeUow 
coloured butter, while feeding on white-fleshed mangolds or much 
concentrated food will give pale milk and butter. While certain 
breeds, such as the Jersey and Guernsey, develop a high degree of 
colour when fed on the appropriate foods, other breeds are not 
capable of producing so rich a colour. With body fat, yellow colour 
behaves as a Mendehan recessive to white in inheritance. The 
softness or firmness of the butter fat, like that of body fat, may be 
influenced to a certain extent by feeding : cotton cake tends to 
give a hard white fat, while hnseed cake gives a soft yellow fat. 
In general, when the animal has to synthesize its fat from carbo- 
hydrates in the food, the fat will tend to be hard, while if fat is fed 
in the food it generally has a softening effect on body and butter 
fat. Conditions which cause rapid fermentation in the rumen, 
such as turning the cows out on young graws or clover, or the 
addition of sugars to the ration, cause the formation of the lower 
fatty acids such as butyric in the alimentary canal, and so frequently 
result in soft butter. 
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Growth and Meat Production. — When a cell increases in size 
its volume enlarges at a greater rate than its surface, and so the 
metabolism, or exchange of energy, which can only occur at the 
surface, is inhibited and further growth becomes impossible. It 
therefore divides into two, and each daughter cell repeats the 
process. As the organism increases in size sets of cells become 
specializcid and take over different functions : once the cells have 
become specialized for a particular purpose they lose their power of 
division, and so growth of the animal as a whole becomes slowed 
down. Thus growth consists essentially of two things, increase in 
size and differentiation of tissues ; or, in other words, as an animal 
grows up it not only increases in size, but it also changes in its 
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shape or conformation. The former controls the quantity of meat 
the farmer has to sell, while the latter forms the basis of quality. 
The differences in size between different breeds at the same age is 
mainly due to differences in the number of cells and only very 
slightly to differences in the size of the cells. In the specialized 
cells like those of muscle, the growth up to about the time of birth 
consists mainly of increase in cell number, whereas most of the 
growth occurring after this time consists of increase in cell size, 
associated with which there is also increasing toughness of the 
tissues. 

There are many ways of measuring the rate of growth : the 
proportional increase in size, i.e., the percentage gain in a given 
time is the usual scientific method, and from this equations may be 
worked out which vill express the average rate of growth occurring 
at different ages. On the basis of this work it has been considered 
by some that the process of growth is like a chemical autocatalytic 
reaction, and slows down as the accumulation of the products occurs. 
For agricultural purposes, however, the best measure is the actual 
weight gained in a period of time. This actual growth rate gradually 
increases with the increasing size of the animal until a maximum 
point is reached, when the limits imposed by the increasing size 
(and so difficulties of nutrition) of the body, and differentiation of 
its tissues, cause a gradual decUne in rate of increase, which in 
extreme old age and senile decay changes to an actual decrease in 
weight. The age at which the maximum daily rate of increase is 
reached varies in the different species, and occurs earlier when 
the nutritive conditions are better. Since with increasing size of 
the animal an increasing amount of food is required daily for 
maintenance, the sooner the animal can be fattened off after the 
period of maximum growth rate, the more economically will the 
meat be produced from the food consumed. 

Quantity in meat production or growth in live weight depends 
on many factors included in feeding and management, in addition 
to those of breed. Breed differences may be large, as the following 
averages for fat animals exhibited at Smithfield (1893 — 1913)show: — 

Cattle (Stekbs), Sheep (Wethers). Pias. 



Lb. at 


Lb. at 


Lb. at 

22 months. 

9 months old. 

9 months old 

South Devon 

1,612 

Lincoln 

198 

Large White 

390 

Shorthorn ... 

1,410 

South Devon 

196 

Large Black .. 

. 371 

Sussex 

1,389 

Cotswold 

188 

Berkshire 

337 

Hereford . . . 

1,384 

Suffolk 

188 

Tam worth .. 

334 

Welsh 

1,371 

Hampshire ... 

177 

Middle White 

326 

Aber. -Angus 

1,302 

Oxford 

176 



Red Poll ... 

1,276 

Leicester 

172 



Qalloway . . . 

1,219 

Kent 

170 



Devon 

1,218 

Cheviot 

161 



Dexter 

820 

Dorset Horn... 

168 





Shropshire . . . 

158 





Blackface 

148 





Southdown ... 

137 
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Tbc actual live weight of the breed, however, bears Uttle relation 
to its value for meat purposes (apart from weight of produce), for 
the latter is determined mainly by the conformation or proportions 
of the body rather than by actual size. In cattle, and particularly 
in sheep, which under commercial conditions are dependent for the 
bulk of their food supply on grazing or the crops grown locally, 
the nature of the climate and soil very' largely determines the 
optimum size of the animal. Where grazing is sparse a large 
animal will not be able to gather sufficient food in excess of that 
required for maintenance to give high production in the form of 
rapid growth and fattening, and will therefore be deficient in 
conformation or quality of meat (see belcw). A small animal, on 
the other hand, will have a larger surplus for production, because 
of its lower maintenance requirements, and so will be able to 
maintain good conformation. In districts of very poor grazing, 
sheep will l)e more profitable than cattle for this reason. Many of 
the problems in the feeding and management of meat animals 
hinge on this question of being able to supply a high surplus of 
nutrition for production above that required for maintenance. 
The ruminant digestion of foods containing much fibre is a com- 
paratively slow process, and does not furnish a high absorption rate 
of nutrients into the blood per unit of time, although it extracts 
more from these classes of foodstuffs than the simple stomach of 
the non-ruminant. The method of feeding for meat, therefore, 
should be the same in principle as that already outlined for milk 
(see p. 538), where baby beef or early lamb is concerned, but with 
the addition that with older animals, which are merely being 
fattened after having completed their growth, a larger proportion 
of carbohydrates should be used. Roots are particularly useful for 
this purpose, as they are essentially a concentrated food plus 
water, and the fibre which they contain is easily digested. 

In former times, when fresh grass in the summer and hay in the 
winter were almost the only available feeding-stuffs, cattle could 
not be fattened off until four or five years old. The hay in the 
winter was only sufficient for maintenance ; the grass in the summer 
would provide for maintenance and growth, but not for fattening ; 
and so it was only when growth was completed and the demands for 
this purpose lessened, that surplus nutrition became available for 
fattening. The introduction of roots into cultivation by providing 
a form of watered concentrate feed for winter feeding, and the 
increasing availability of the concentrated industrial by-products, 
such as linseed and cotton cakes, enabled the farmer to increase 
the surplus of nutrition above that required for maintenance and 
growth all the year round,* and so reduced the age at which cattle 
and sheep could be fattened and killed. Saleable beef can now be 
produced at 15 months old as compared with the 4 years it took 
to produce in 1830. 

In areas where poor pasturage or much bulky fibrous food is 
produced relatively cheaply, cattle are frequently merely reared and 
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grown, being went to other districts — ’for instance, front WaIch to 
Midland grassland districts, and Ireland to the Norfolk root area 
— to fatten at about the age of two years. Although this process 
involves a greater total consumption of food per unit of meat pro- 
duced, it will not generally be profitable to do otherwise until these 
districts find some means of producing concentrated feeds on the 
farms. The method of keeping cattle in growing condition only 
(stores) and then fattening later is not only uneconomical in the 
total consumption of food per unit of meat produced, but it also 
produces a carcass and conformation less suited to butchers’ 
requirements (see p. 636). Just as the store period le^ds to a 
greater total consumption of food to produce a given weight of 
meat, owing to the longer time over which the maintenance food 
has to be supplied, so, as a general rule, those animals which reach 
a certain weight in the least time do so with the smallest con- 
sumption of food per pound of weight gained. Thus, for practical 
purposes, such as in the Pig Recording Societies recently started, 
it is suflicient to record the weight for age as the basis of real 
economic gain (t.e., food consumed) without the trouble of recording 
the food intake. In the growth of young animals the amount of 
the milk supply is an important factor ; for example, in S jfiolk 
sheep the average weights of singles, twins and triplets are as 
follows : — 



Actual Weights. 

Lb. 

Relative Weights. 

Twins 100. 


Iweek. 

i 

15 

weeks. 

25 

weeks. 

66 

weeks. 

Iweek. 

15 i 
weeks.! 

25 

weeks. 

66 

weeks. 

Single.s ... 

15-9 

88-5 

1101 

162-3 

137 

125 

117 

109 

Twins 

120 

f)9-5 

95- 1 

148-8 

100 

100 

100 

100 

Triplets 

100 

000 

91-4 

143-0 

81 

94 

94 

90 

Twins reared as 
singles 

12-4 

75-8 

102- 1 

-- 

102 

119 

1 

110 



The yield of milk produced by the dam has, in both sheep and 
pigs, ^ great influence on early growth. Not only are animals 
which obtain in this way a good start in life more able to resist the 
attacks of disease, but such differences in size may persist for a 
long time, although they gradually tend to become less as the 
animal becomes older. Unless twins and singles are marked and 
drafted into different pens at the time of selection, there will always 
be a tendency to pick out most of the singles for breeding purposes, 
and so reduce the fertility of the strain. If the best of the twins 
(both rams and ewes) are picked out and bred from, selection will 
be made for both fertility and milk production in the ewe, as well 
as meat qualities in the lambs. 
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Animals retarded in their growth rate for a short time by under- 
nutrition will, when put on a high plane of feeding, grow for some 
time at a faster rate per unit of time than those well fed all the time, 
altliough their ultimate size will be less. Thus, in selecting animals 
for feeding, it is better to buy them from poorer districts than to 
transfer animals for this purpose from better pastures to poorer ones. 
In addition to the general energy nutritional requirements of the 
animal, there exist special substances which control the growth rate. 
Tiu^ effect of vitamins is well known, although liability to deficiency 
in this respect varies greatly in the different species, and is com- 
})aratively small in most well-managed farm animals. Body 
growth is also regulated by the glands of internal secretion, 
particularly the anterior pituitary and thyroid, but at present the 
application of these to increase normal growth is still in the 
experimental stages. 

The qualit}’’ of meat is largely determined by the degree to which 
the proportions of the animal change as it grows up. Unlike wheat, 
where the quality, and so the price, of the imported product is 
higher than that produced in this country, the high-quality meat 
j)roduced in this country commands a better price than the imported. 
<() that the farmer, in order to avoid competition with the imported 
product, should aim at improved quality in production, even if it 
has to be produced at some ex]>en8e of quantity. Qualit}^ is largely 
dependent upon early maturity, or the rapid attainment of adult 
proportions, and in general this can be brought about more readily 
iu the smaller animal than in the larger one. The combination of 
the twx) — quality and quantity — for commercial purposes may. 
liowever, be brought about })y crossing. Males from the early - 
maturing, high quality types, when eiossed with the females of 
the larger and la ter- maturing breeds, gi\H‘ offspring which inherit 
both characters. The value of the Southdown ram, the Berkshire 
or Middle Wliite boai-, and the Aberdeen- Angus bull for crossing 
with the later-maturing breeds is well know^i. 

The two functions of growth — increase of size and change of 
conformation — are partially independent of one another, and this 
is especially marked when different breeds are compared. The 
main object in breeding for quality in meat is to speed up the rate 
at which the body changes its proportions, and to make tliese 
changes occur more quickly in relation to the weight increase ; in 
this way early maturity is produced. It in tliese rapid changes in 
the proportions of the bod}' which constitute the real basis of eai J} 
maturity and quality in meat animals, and not, as has frequentl}* 
been supposed, the rapid increase of hve weight alone. The British 
early -maturing meat type of animal has been gradually evolved on 
this basil?, mainly tlirough the organized efforts of the Smithfield 
Club. At the annual show all bre^s and crosses compete against 
one another for the supreme honours, so that the commercial 
qualities for meat production are here plaec^d bedore the fane\ points 
of the breed. 
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A general idea of the changes in the proportions of the body in 
the pig as it grows up are shown in Fig. 97. 



Fkj. 97. —The Change.s in the pRoroBTiojiS of the liooY in the Large 
White Pig during the Course of its Life. 

In order to show proportions as distinct from size, the photographs arc 
all reproduced to the same height at the shoulder : the proportions of each 
part can be estimated by the number of squares it occupie.s. 

(From “ Pig Breeders’ Annual,” 1927-28.) 

In order to siiow the changes in the proportions as distinct from 
size, all the animals have been reduced to the same height at the 
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shoulder : this is a convenient measurement on which to base a 
visual estimation of proportions in the living animal. Since the 
height at the shoulders attains its maximum proportions about the 
time of birth, it also forms a good measure by which to judge the 
animal after birth, for all the changes take place in one direction 
only. Before about the time of birth, however, the changes in 
relation to this measurement are in the other direction, because the 
limbs have not yet attained their maximum proportions. In order 
to obtain a series in which all the changes were in one direction 
only, the size of the cranium would have been a better standard 
to take, for this part attains its maximum proportions at a very 
early stage of foetal development. It will be seen that as the 
animal grows up it improves in quality : for example, the relative 
proportions of the head and legs are reduced. Were these animals 
of the same age, the one at five months old would be said to have 
a “ coarse ” (or relatively large) head, while that at two years old 
would have a “ fine (or proportionately small) head of good quality. 
Again, considering the ham, at birth the bone is coarse and the 
muscles are deficient, but at five months, and still more at two 
years old, the bone becomes relatively finer, the muscles develop, 
and the buttock fills out ; these are just those differences which 
make a bad quality or good quality ham. That is, in the improve- 
ment of the animal for meat, the one that goes through those age 
changes in proportions most rapidly, and approaches mature pro- 
portions of the body at lowest weight, would be the best, and would 
be selected for breeding purposes : this forms the main basis of 
judging animals for meat purposes. 

The wild and unimproved types of animals also change in their 
proportions as they grow up, but not to such an extent as do the 
improved breeds. Breed improvement for meat has been produced 
by pushing the natural changes in the proportions of the animal a 
stage further in development, so that the proportions attained in 
the adult wild type are passed through in the improved breeds 
early in life. The male usually attains a higher degree of develop- 
ment than the female. 

Fig. 98 shows that in the wild sheep (Mouflon) the proportions 
of the legs decrease and the body lengthens and becomes deeper 
as the animal develops ; the improved Suffolk breed, however, has 
been pushed still further in development, so that the proportions 
of the Suffolk lamb at birth are but little behind those of the adult 
Mouflon ewe (i.e., the proportions are attained at much earlier 
age), while in adult life the relative lengths of the back and loin 
(the most valuable parts commercially) are very much increased. 

The changes in the proj)ortions of the body are brought about 
by the different parts of the body growing at different rates. Just 
as the actual live weight increase of an animal per unit of time 
rises to a maximum and then falls again, so each organ and tissue 
of the body has a time of actual maximum gj*owth rate which 
varies for each organ or part of the body. Fig. 99 shows how the 
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relative weights of the bone and muscle in the leg of mutton change 
as the animal grows up. 



Fig. Thk DitJ-ERtNCEs in the Phoeortignal Chani.es with Age 

DETWEEN THE IMPROVED SUFFOLK AND THE WiLD MOUFLON ShKEP. 

The outline of the body is shown as a proportion of the height at the 
shoulders in eaclx case. 

Xoti* the decrease in tiie pro])ortion3 of the liead throughout, and tfie 
legs from birtli onwards. The length and depth of body in relation to the 
height at withers also increases ‘gi'eatl\ v.ith age. and increases both inon 
and earlier in the Suffolk than in the Slouflon 

(From ‘*Clrowth and th<‘ Developme nt of Mutton Qualities in llu‘ Slu- p/’^ 
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C)£ the bones, the cannon bone grows least (and so is taken as 
the standard), while the femur grows most. Again the muscles 
as a whole grow more than the bones after birth, so that, just as 
the different parts of the animal mature at different times, so the 
different tissues of the body reach their maximum proportions at 
different times — the skeleton, as a whole, develops earlier than the 
muscles, and these again than the fat. 

Growth in Wei^t of ISnd Limb— Suffolk Ewe. 


Bfrth SMooths 4¥Bars 



Fig. 99 -The Changes in the Proportions of the Muscles and Bones 
IN THE Leo with Age in Suffolk FAves 

The weights are shown as a percentage of the cannon bone in each animal. 
The upper bones of the leg (pelvis and femur) grow more after birth than the 
lower ones (cannon) ; the muscles surrounding the upper bones increase m 
proportion to an even greater extt'nt than the bones, and so the proportion 
of muscle to bone increases with age 

(From “ Growth and the Development of Mutton Qualities m the Sheep.”) 

In general, those parts or organs of the animal which are 
proportionately large at birth, and which mature earlj", are those 
which are physiologically essential to the animal — those which are 
absolutely necessary for the maintenance ” of life : the brain, 
heart, lungs, etc. Whereas those which develop later are those 
which are of little importance for maintenance, but are mainly 
used for production " (muscle, fat, etc.). When a mature animal 
is starved, it is these later developing parts which lose the most 
weight, and the nutrition contained in them is expended to protect 
the earlier developing vital organs. Just in the same way, when a 
young growing animal is underfed or put on a ‘‘ store ** diet, the 
limited supplies of nourishment absorbed are used primarily for the 
growth of the early developing and v*ital parts, -while the late 
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developing and economically more valuable parts are those which 
suffer most. In this way the proportions or conformation of the 
animal may be changed by the plane of nutrition on which it has 
been fed. 

Fig. 100 shows on the right the normal changes which take place 
in well-fed Hereford bulls during growth, while on the left the steer 
at 30 months old, which has been kept on a low store diet, haa, in 
spite of its age, body proportions very similar to that of a well-fed 
calf at five weeks old, as contrasted with the good development of 
the steer of 22 inonths old which had been well fed since birth. 
In order to show the progress which has been made by breeding, 
the conformation of a bull of 100 years ago may be compared with 
that of the bull of to-day. 

To make the best selection of animals for early maturity in 
meat, the plane of nutrition should be so high that it no longer 
becomes a limiting factor in development, so that animals which 
are capable of making the best development can be picked out 
easily, i.e., improvement in breeding should go hand in hand with 
improvement in feeding. Thus the specialized improved breeds of 
domestic animals have been evolved in places where the local 
conditions of feeding have enabled development of the quality 
desired to proceed unchecked by any limitation in the supply of the 
necessary foodstuffs required for it. Thus man can, to some extent, 
mould his animals for productive purposes by the environment 
which he creates for them. 

Organs or parts of the body having their maximum actual 
growth rates occurring about the same time appear to be correlated 
in development ; thus in cattle and sheep a relatively long neck 
and head is associated with relatively long legs. The British system 
of judging meat animals is based on this fact, and more attention 
is paid to the symmetry of the animal as a whole as a primary factor 
than to individual points which are secondary. The score card 
system of judging wliich considers individual points separately has 
not been used in practice. 

The value of tlie conformation of the animal to the butcher is 
shown in the carcass percentage, or weight of meat in proportion 
to live weight that he has to hang up in his shop. This also bears 
a relation to the total quantity of edible meat obtained from the 
animal. For example, from animals of different shapes, as shown 
in the Suffolk sheep in F'ig. 98, the following proportions of carcass 
and edible meat were obtained : — 


Suffolk Sheep — Ages. 

1 Birth. 

5 Months. 

2 Years. 

Lbs. of carcass per 100 lb. of live weight ... 

52-6 

63-7 

67-2 

Lbs. edible muscle and fat per 100 lb. live weight 

300 

40-7 

61-6 

Percentage of fat in the leg of mutton ... j 

2-9 

199 

37 7 
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Fia. 100. — Changes in the Proportions of the Body in Hereford 

Cattle. 

(11) Heifer ~2 days old. (1) Heifer — 2 days old. 

(12) Steer — 30 months old, fed on low n»ain- (2) Bull — 6 wee^ old. 

tenance ration. (3) Bull — 13 months old. 

(13) Steer — 11 months, full ration. (4) Bull — 22 months old. 

(14) Steer — 22 months, full ration. (5) Bull — 5 years old. 

(15) Bull — of 100 years ago. 

Note the change in the proportions of the bulls with age; the shortness 
of body in proportion to height in steers as compared to bulls ; the effect of 
a low ration (12) in inhibiting the changes in proportions with age (14); 
and the improvement in the proportions of bulls (15 and 6) brought about 
by selection in 100 years. 

(From “ The Hereford Breed Annual/' 1928.) 
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From these figures it will be seen that, after the offal has been 
lemoved and the bones taken out, the butcher has twice as much 
edible meat to sell from 100 lb. of live weight of an animal shaped 
like the adult ram as he has from one shap^ like the lamb at birth. 
It will also be seen that the proportion of fat in the leg (a joint which 
has a composition very near the average of the carcass as a whole) 
at two years old is too high for modern requirements, that at five 
months old being just about right. It is difficult to over-fatten a 
young animal, but with early maturing types it is easy to over-fatten 
an old one for present day requirements. 

Pigs are produced for two purposes : (1) Pork, in which the 
highest prices are given for pigs of about 90 lb. fasted live weight ; 
and (2) Bacon, for which a pig of about 200 lb. live weight is required. 
For pork a very early maturing type is wanted which will yield a 
high percentage of carcass and will have blocky joints at an early 
age. This type, if kept to bacon weight, tends to accumulate too 
much fat, for with bacon pigs a large quantity of lean meat with 
only a small proportion of fat is demanded. Consequently, for bacon 
pigs a longer and rather later maturing type is required. When 
pork- bred pigs have to be made into bacon they are better if reared 
on a low ration, whereas when bacon-bred pigs are to be made into 
pork they should be fed on as high a ration as poshble. An idea 
of the carcass percentages that may be expected from animals of 
these types can be obtained from the following average figures of 
animals exhibited at Smithfield : — 


Age in months ; 

3 

6 . 

7 9 

11 

Berkshire j Live weight — lb. 

(Pork) 1 Carcass percentage 

73 

77 0 1 

102 

78*7 

175 1 231 

81 1 1 82*5 

248 

831 

325 

83 5 

Large White » Live weight — lb. 
(Bacon) I Carcass percentage 

07 

73*9 1 

124 

76-9 

230 1 200 

80-9 . 8L3 


While formerly in this country the pig was kept mainly for pork 
production, the recent low price of cereals combing with the growth 
of the dairying industry has led to the development of bacon 
production. Although our best breeds and types are as good as 
any in the world for this purpose, a very large number of the 
commercial pigs, owing to their former use as pork, are at present 
deficient in several respects. The chief faults usually found are 
shortness in length of body, too much fat, uneven back fat, heavy 
shoulders, thin flanks and soft fat. Fig. 101 shows suitable and 
unsuitable types for bacon. 

Suitable Side - - 

Weight ... ... ... ... ... 58 lb. 

Meadureineiit8 on tjured side (iuclieH) 

Length of middle ... ... ... ... ... (A) 32-0 

Thickness of beUy (B) 1-7 ; (C) 1-6 ; (D) 1-5 

Thickness of flank ... ... ... ... ... (H) 1-0 

Thickness of back fat ... (K) l U ; (F) 1-3 ; (G) 1-7, 1-6, 1-8 



KiTJJNc; i*ku(’I‘:nta(:i:s 


«ar> 


The earcass ]M*ri'(‘ntage is raised during the j)roce8s (d fatU^ning ; 
for example, commercial cattU^ which as stores would kill at 47 per 
cent, yield 55 per c(mt. when half fat, and up to 60 per cent, when 
fat. The carcasK percentage is also increascHi wlum the animal is 



TOO SHORT 
TOO FAT 
Live '210 LBS 


CARCASE -173 LBS. 



LONG 

EVEN BACK FAT 
LIGHT FORE-END 
LIVE- 195 LBS. 
CARCASE -I5B LBS. 


Fiq. ICI. — Suitable and Unsuitable Sides for Bacon from Pigs of 
200 LB. Live Weight. 

starved before slaughter, as the stomachs of sheep may, under 
some conditions, hold up to 10 per cent, of the body weight, but it 
is the increase in carcass percentage due to conformation which is 
the important one in live stock improvement. 
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The most valuable joints of the animal (see Fig. 102), although 
varying slightly with the species, lie mainly along the back, t.s., in 
judging an animal for meat the area along the line from the hip bone 
to the shoulder is most important, and it should be well developed. 
On the other hand, the lower parts of the legs and neck are relatively 
low-priced joints, and so in a good meat animal should be compara- 
tively small. 

In pigs, sheep and cattle, aa the animal grows up the proportions 
of the more valuable to less valuable joints increase. This does not 
mean, however, that animals should be killed at older ages to get 
the best quality meat, for other factors such as toughness increase 


I LEG 4- 7 

2 AITCHBONE 3 7 
ISSlLVEieSlDE 6 8 
TOPSIDE 74 

4 THICK HANK 6 3 

5 eUMP 74 

6 niLET 13 

7 SnajOlN 6 8 

B RANK 3-7 


IWEIGHT PRICE PER POUND 
IN IN SHILLINGS 
POUNDS AND PENCE 



[9 PRIME RIBS 12 6 
H 10CKUCKRIBS22 1 
IJll BRISKET 
g 1 12 SHIN 
y 13CL0D 
£lMNECK6. 

STICKING 1000 
TOTAL WEIGHT OF SIDE OF BEEF 381 lbs 
AVERAGE PRICE PER POUND 1'2J^ 

(shown by verhcd broken lines) 


Fig. 102. — ^The Value and Proportions of the Different Cuts 

OF Beef. 

Note that the must valuable joints lie along the back and in the hin<l- 
(^uarter rather than in the forequarter. 

(From “ The Butcher’s Shop.”) 


with age, and the public demand is now for smaller joints. What 
it does mean, however, is that animals should be bred which will 
go through the changes in the proportions of the body more quickly, 
and attain mature proportions at small weights and early ages. 
One of the chief problems of the butcher in England is to sell all 
the second and third quality joints, and these he often has to clear 
at a loss especially in the summer months, as they are stewing joints 
for which there is little demand then, whereas he can always sell 
the first quality as roasting joints. 

Another factor affecting the quality of meat is the distribution 
of fat in the body. While any pound of fat gained by the body 



DISTRIBUTION OF FAT 


637 


takes the same amount of food to produce it, its value when sold 
is very different according to where the fat is deposited in the body. 
Thus fat deposited within or over the muscles improves the keeping 
value and quality of the meat on cooking, and is the main object 
of the fattening process in animals. It is consequently much more 
valuable than the fat deposited in the mesentery (gut) or omentum 
(caul) which has only a low value as tallow or suet. The same 
relations between age, breed and feeding exist here as in the other 
factors affecting quality ; fat is deposited in the various organs of 
the body in a definite order, and this order remains the same 
whether increased fatness is due to increasing age of the animal, to 
breed improvement, or to the actual process of fattening. When 
bullocks and sheep are first put up to fatten very little external 
change is seen, the fat being added to the abdominal organs ; after 
a few weeks, however, it is gradually deposited in the subcutaneous 
layer over the surface of the body muscles, giving, when present in 
sufficient quantities, a smooth rounded outline to the animal. If 
this fat layer is unevenly distributed it will be too thick in some 
places (pinbones in bullocks ; loin in sheep ; shoulders in pigs) by 
the time it is the right thickness in others, so that if the animal is 
fattened sufiBciently to cover and make saleable the low-priced 
joints (neck, lower parts of legs), some fat will have to be cut off 
the thick places ; fat so removed is of offal value only, and is pro- 
duced at an economic loss. Lastly, fat is deposited between the 
different muscles, and then within the muscles (marbling fat). A 
similar order of distribution of fat occurs with increasing age and 
with breed improvement : young animals have less marbling fat 
than old ones, while if an animal of a dairy breed, such as the Jersey, 
is put up to fatten, it will store up large quantities within the 
abdomen, where it is of little value, but only at a very high degree of 
fattening will it add much subcutaneous fat ovei: the muscles. 

Cattle fattened on carbohydrate foods, such as roots in winter, 
tend to give fat rather too hard for the public taste, and are much 
improved by finishing off with linseed cake, which softens it ; on 
the other hand, with grass fed bullocks in summer the fat is too 
soft, and is much improved by finishing on carbohydrate meals or 
cotton cake, which harden the fat. Foods which contain fats 
tend to produce soft fats in pigs, and should not be used towards 
the end of the fattening period : barley meal and whey produce a 
very firm carcass. 

The flavour of meat is closely associated with its colour. The 
muscles of calves are pale and comparatively flavourless, and the 
colour and flavour develop with age. It is possible to develop too 
much colour and flavour in meat so that it l^omes objectionable ; 
thus the meat of old males and old animals in poor condition, or 
after much exercise, is too dark in colour and strong in flavour to 
suit the public taste. Castration decreases the colour. The colour 
is due to hfismoglobin, and in the production of veal, where its 
absence is required, care should be taken that the animal does not 
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obtain feeds containing iron : milk contains very littiv iron, awl 
therefore gives a pale (dairy fed) veal or pork. The feeding of 
oats, on the other hand, increases the colour, and may be of in 
adding to thi? flavour of baby beef. 
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28V the lower, coarse quality grades, oli'.s the best, quality grade.s. 

(a) ('hevint. The fleece is not (b) Southdown. The fleece is not 
only of coarser quality, luit rccpiiics only of fine quality, but requires 
sorting into five different grades. sorting into only thre(‘ grades. 

Fio. 103. Kxamfj.ks of tuf: Variation that Exists hktwken Fleeces 
IN the DiSTRIBUTIO.V OF THE DIFFERENT QUALITIES OF WooL. 

(From ‘ Development of Peru as a Wool-growing Country.” A. F. Barker.) 

Wool. — The value of wool depends on tlie articles into which 
it can be manufactured. The classification of wools usually adopted 
is, proceeding from the most to the least valuable : (1) “ fine wools," 
the best coming from the Merino, while the coarser sorts of fine wools 
are produced by tlie Dohti liroeds in this country : these wools are 
usually comparatively short, and frequently go under the name of 
short wools ; (2) “ long wools," which are coarser but longer 
and frequently have a lustre or sheen, the value of which depends 
on the fashions in vogue at the time ; and (3) “ coarse wools,” or 
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Mountain wools, which often contain many hairs or kemps, and the 
lower qualities of which are only of use for carpet- making. 

The fineness of the fibre, on which the main classification of 
wool is based, varies in different parts of the same fleece, so that 
the fleece has to be sorted out into different qualities before manu- 
facture. Consequently the more uniform the fleece is the higher 


Wool. 

From. 

To. 

Average 

diameter. 


In. 

In. 

In. 

Blackface 

1 

1 

1 


1312 

i 147 

1 46'J 

Fast Indian (Karachi) 

1 

1 50<» 

1 

TiT 

1 1 

i 527 

1 

6’29 

Kenya 

1 j 

1750 1 

1 

1 19(> 

Syracuse 

1 

1500 

I 

263 

1 

im 

Wensley'dale . . . 

1312 

1 

38H ; 

i 

647 

1 

S7y 

Southdown ... 

1 

1 iTliT) ! 

1 1 

477 ! 

1 

875 

Merino (Camden) 

1 

I 2625 

1 
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Fia. 104 . — The Variation in the Thickness of the Wool Fiures in 
Different Types of Fleec e. 

Not only are the fibres in the Merino fleece on the average finer than 
those of the Blackface, but the variation in the size of fibre is much less : 
this adds greatly to the value of the wool. 

(From Report 24th International Sheep -breeders' Conference, Chester, 1925.) 




640 


ANIMAL PRODUCTION 


will be its value : a good Merino fleece may only need sorting out 
into two or three qualities, whereas a bad Down or Longwool may 
have to be divided into five or six (see examples in Fig. 103, 64’8 
being the highest quality). 

The finest wool is situated over the shoulder, while the coarsest 
is usually found on the britch. Uniformity of fleece is usually 
associated with uniformity and fineness of the wool fibres, and 
selection for this is the main requirement in the improvement of 
British wools, as the examples on previous page show. 

The fine fibres consist of cortical tissue and scales only, and have 
a relatively high tensile strength, whereas the coarser fibres, and 
particularly the kemps, have a central medullary space in addition, 
which reduces the strength and makes them brittle. Another 
factor which affects the quality of wool is the absence of weak 
spots in the fibre such as may be caused by checks in growth due 
to illness (4th stomach worm, garget, etc.), or to a period of 
bad nutrition ; in extreme cases the wool, especially that on the 
belly, tends to break off and be shed before the time of clipping. 

The properties of the fibre which affect its felting or binding 
together are also of importance ; the greater the “ crimp ” or 
number of waves per inch of fibre length the better will the wool 
felt on manufacture. The projection of the outer cuticle scales of 
the fibres also assists in binding the fibres together, and the greater 
the number and the more they project the better for this purpose 
will be the wool. There is with both these factors a partial correla- 
tion with fineness. The “ lustre '' of such wools as the Wensleydale 
and Leicester is due to the reflection of light caused by closely 
adpressed scales. 

The “ yolk or grease, an oily secretion produced from the 
sebaceous glands at the sides of the hair follicle, acts as a preserva- 
tive of the fibre ; the relative amount of grease usually increases 
with the fineness of the fibre, and may at times be troublesome in 
causing dust to adhere to the fleece. The loss of weight due to 
yolk, which takes place on washing the fleece, may vary from 
about 16 — 24 per cent, with English Longwools, and 20 — 30 per 
cent, in English Downs to 40 — 70 per cent, in Merinos. After washing 
sheep a day or so should be allowed to elapse before clipping, in 
order that the yolk may rise in the wool, otherwise the wool will be 
harsh to the touch, and will not retain its elasticity and strength 
so well on keeping. While whole black or coloured fleeces are of 
value when in bulk, the presence of a few pigmented fibres mixed 
in a white fleece detracts considerably from the value, for such 
fibres like kemps take the dye differently and spoil the cloth : their 
detection is easier in the lamb than in the adult. 
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— At times when the price of corn is low it may be cashed 
more profitably by the production of eggs. The supply, and so the 
price, of fresh eggs varies considerably with the time of year ; in 
successful production, therefore, it is necessary to overcome these 
natural tendencies in output. That climate, and probably more 
especially light, are the main factors is seen by comparing egg pro- 
duction curves of hens in England with those in Australia, where 
the times of the seasons are reversed (Fig. 105) : — 

Number of eggs laid per bird each month. 



Fia. 105. — The Seasonaj. Variation in Ego Production in the Fowl. 

The Beasonal conditions, and particularly hours of daylight, affect the rate 
of egg production ; the maximum production in Australia occurs in September, 
(’orresponding to our spring. 

(From “ Ziichtungskunde,” 3, 1928.) 

This conclusion is borne out by the study of egg production in 
other countries where the duration of dayhght differs. The factors 
which make for high yearly production (200 eggs or over) all tend 
to make the seasonal differences smaller, so that higher production 
whether produced by breeding, feeding or management makes the 
supply more uniform throughout the year, and consequently the 
average price better. Egg records (by trap-nesting), laying trials, 
and selecting cocks from high -producing hens form the main basis 
of breed improvement. Generally speaking, there is a correlation 
between early maturity (age at first egg laid) and total yearly 
production, so that where egg records are not kept selection is best 
based on those which begin to lay early. In the yellow shanked 
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breeds (White Leghorns) the yellow colour is drawn u])on to produce 
the yellow colour of the yolk, and so the birds wliioh have been 
laying heaviest may be picked out by the paleness of their colour 
in the spring. Good feeding (or rations high in animal protein), 
provision of shelter, and lighting the houses so as to give the hens 
a longer day in the winter months, all tend to increase production. 
The optimum time for the hatching of pullets depends on the breed, 
it being arranged so that the time of the first egg laid occurs in 
October ; this usually means hatching in February or iMarch for 
the heavy-sitting breeds (Light Sussex, Wyandottes and Orpingtons, 
etc.), and in March or April for the light non-sitting breeds (Leghorns, 
Minorcas, etc.). 

Ducks of the runner or light varieties are being increasingly 
used for egg production, as they lay well in the colder and wetter 
months in the year if properly managed. 


CHAPTER XX VI 

DAIRY PRODUCTS. 

Location of Industjiv. —In former times dairy farming was 
practised chiefly in the western part of Great Rritain, whf^reas 
the regions of less rainfall in the east were devobHl to arable farming, 
although there were some exceptions, such as the native district of 
the Red Poll cattle. However, the most important dairying districts 
were located in areas of abundant grass, such as the well known 
cheese-making counties of Somerset ajid Cheshire. 

During the present century numerous farms on whicli cheese 
used to be manufactured have been devoted to the production of 
milk w’hicli is immediately dispatched for liquid consumption. 
This change of policy is chieHy duo to (1) an increased demand for 
liquid milk caused by the growth of population ; (2) improved 
transport; and (3) the fact that large quantities of cheese are now 
imported, with the consequence that the price of English cheese is 
profoundly influenced by that of Uie iraj)orted product. Con- 
currently with the increased production of milk for liquid consump- 
tion in old established cheese-making areas, dairy farming has been 
largely taken uj) in almost all other parts of the country, and milk 
production is now associated with many systems of farming, varying 
from “ all-grass ” farms to farms on which the cattle are chiefly 
“ green-soiled ” in paddocks or yards with cro])s grown on tho arable 
land. 

Systems of Dairy Farming. — In most large areas devoted to 
dairy farming different systems are practised in different localities. 
For instance, in upland districts the rearing of dairy cuttle may be 
a speciality and some of the cows in milk will suckle a number of 
calves in succession, while other cows will be milked in the ordinary 
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manner. Formerly, butter was made in such localities, but butter- 
making is no longer remunerative, and improved motor transport 
facilities have enabled the milk to be sent to milk factories, or direct 
to dairy firms in towns. The majority of the cows in such a district 
will be heifers or young cows, and as such they are sold to farmers 
in areas of more intensive production. 

Adjacent to such an upland rearing district, but at a lower 
altitude, there usually lies a district which makes the production of 
milk a primary object instead of secondary as in the former case. 
Most of the heifers and young cows sold from the rearing district 
come into this area, although some heifer calves may be reared. 
Such a district may be devoted to the manufacture of cheese 
although the sale of whole milk frequently is the primary object. 

A third system of dairy husbandry may be described as 
“ suburban dairying ” ; as the name implies, this system is employed 
near large centres of population, where both the land and labour 
are costly. Very few calves are reared and mature heavy yielding 
cows are bought to replenish the herds. Many farmers in such 
districts operate retail milk rounds and combine the business of 
milk distribution with farming. Only a high level of production 
can be profitable under these conditions and scarcely any dairy 
products are manufactured. As most suburbaui dairy farmers aim 
at maintaining a constant production, they frequently purchase 
fresh cows to rectify falling supplies. This procedure often intro- 
duces serious ravages in the herd from contagious abortion brought 
about by the introduction of infective cattle. In fact, on many 
farms in the industrial areas, no breeding of any kind is practised, 
and mature cows are bought just after calving and are sold as fat 
animals at the end of the lactation period. It should be understood 
that contagious abortion, like bovine tuberculosis, is often spread by 
failure to realize or apply adequately the rules of hygiene which relate 
to the spread of infection. 

Milk Recording and Rationing, — These practices are now 
considered essential to good dairy herd management, for it is 
impossible to feed cows according to their milk yield unless the 
production of milk is first determined. In England and Wales 
almost every county po-ssesses a “ Milk Recording Society ” of 
dairy farmers and every member weighs the milk from all cows, 
either at each milking or on one particular day each week. About 
every six weeks an officer of the society visits the farm to check the 
weighings, the recording and the arithmetic, aftei which he initials 
the registers if they are in order. The English system of milk 
record ijig is as follows : all milk is weighed in an accurately tared 
})ail, as illustrated in Fig. 106, and then the weight is recorded on a 
weekly milk return. 

Every week the quantity of milk produced by each cow is deter- 
mined and transferred to the annual register ; if the milk has only 
been weighed once then this w'eight is multiplied by seven and the 
product transferred to the register. Obviously the system of 
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weighing all the milk produced gives more accurate results and, if 
the work is properly organized, little time is required once the staff 
has become accustomed to the routine. All such occurrences as 
calving, abortion, heat periods, date of drying off, illnesses, etc., 
should be noted in the column for remarks in the annual register. 
The weight of the milk is taken in preference to the volume, because 
it can be determined with greater ease and accuracy and with less 
likelihood of the milk being contaminated. A gallon of milk 
weighs about 10 32 lb. or approximately 10^, lb. Milk recording 
is the first practical stop of up-to-date dairying. 

The usual practice in rationing dairy cows is to feed all cows, 
whether dry or in milk, a basal ration equivalent to the maintenance 
requirement plus that for one gallon of milk, and to all cows yielding 
more than one gallon daily a “ production ration ” of concentrates 
in accordance with the amount of milk produced. The weight of 
cake and meal mixture to be fed is marked up near each animal, 
so that the herdsman can easily see how many measures of meal 
must be given to each cow'— in practice, the 

A meal mixture is usually ladled out in a measure 
containing a pre-determined weight, e.gr., three 

Milk recording societies also provide other 
facilities, such as butter-fat testing and the 
tattooing of calves. In the former case the 
milk recorder takes samples of thoroughly 
mixed milk and forwards them to a laboratory, 
and in a few days time the milk recording 
society sends the results to the farmer who 
should enter them in the annual register. As 
Fio 106— Milk Re- ^^g^-^ds the marking of animals, this is more 
CORDING Balance, easily done with young than older cattle and 
every cow in a recorded herd must have a 
permanent number tattooed in one ear. It is also necessary to have 
adequately marked every animal in tuberculin tested herds which 
produce either Certified or Grade A (Tuberculin Tested) milk, and 
there is no more convenient way than to use the milk recording 
society’s tattoo marks for this purpose. 

Benefits or Milk Recording. — The most obvious benefit is 
that the production of each cow is known and the unprofitable 
yielders can be detected and disposed of ; this knowledge is partic- 
ularly useful with heifers. In the pedigree herd books of the dairy 
breeds of cattle the inclusion of milk yields gives valuable informa- 
tion to readers. Herd books are of two kinds, closed and open ; 
an “ open ” herd book for dairy cattle is one which admits cattle 
from non -pedigree origins, subject to certain conditions and 
standards of milk production. Coates’s Herd Book, which is the 
pedigree book of the Shorthorn breed of cattle, is an open book and 
dairy cattle may be entered either by means of the Shorthorn 
Society’s Grading Register or by the more usual course of the Dairy 
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Shorthorn Association’s Year Book. In the latter case the require- 
ments are as follows : the milk yield must have been good — at 
least 600 gallons must have been given in 315 days by a heifer, or 
800 gallons by a cow — and the animal must be of good Shorthorn 
type and character. The system is to breed in direct female line 
from such a foundation cow, and the female calf by a pedigree 
Shorthoni bull of the fourth generation may be entered in Coates’s 
Herd Book, provided that pedigree Shorthorn bulls have bean used 
throughout. It is customary to publish in the Dairy Shorthorn 
Association’s Year Book the milk yields of animals which are being 
graded up. 

Two other ways in which effective use may be made of milk 
records are given below. The weak spot in the breeding of dairy 
cattle in many herds is the class of bull used. When a pedigree 
bull is about to be purchased an “ extended pedigree,” including 
every ancestor for four or five generations, should be prepared and 
every availablis milk record for all the female ancestry should be 



included. In no other way can a satisfactory estimate of the value 
of the bull’s ancestry be formed. Finally, if a bull has been kept 
sufficiently long, and it is found that the milk yields of his offspring 
exceed those of their dams, then that bull should be retained as long 
as possible, assuming, of course, that there is no serious disquali- 
fication in other directions. In a similar way the butter-fat trans- 
mitting powers of a bull may also be studied. 

Constant Output of Milk. — Studies of milk records have 
shown that a uniform quantity of milk can be produced throughout 
the year from a healthy herd of good yielders. As an instance 
the following arrangement of calvings in a herd of 20 cows should 
produce a uniform flow of milk, provided that effective services 
take place about twelve weeks after calving, and the cows are dry 
about nine weeks. Taking the months in their order, commencing 
with January, the monthly calvings should be as follows — none, two, 
one, one, two, one, three, three, one, three, none, three. Preferably, 
some of the heifers should calve during July and August so that they 
may ultimately become autumn calvers should some service periods 
be missed. 
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Buildlogs Required on a Dairy Farm. — In Britain the essential 
buildings are byres for the cattle and a dairy for the manipula- 
tion of the milk and the cleaning of utensils ; food stores, barns 
and cattle yards are important accessories to the above but need 
not be considered here. The buildings should be near the fields, 
and all roads and passages should be well maintained and clean, 
otherwise more time is required for grooming. 

In the past too little attention has been paid to the application 
of the laws of hygiene in the construction of cowsheds, and usually 
the chief object has been to keep the cattle warm to the detriment 
of adequate ventilation, air space and window space. It is now 
realized that cattle are healthier when they are given more light and 
air and that this is in no way detrimental to either the quality or 
quantity of milk produced, provided the cattle are accustomed to 
such conditions. Every modem byre should be provided with at 
least the following amenities per cow : — 800 cu. ft. of air space — 
not counting any height above 16 ft., 40 sq. in. of ventilation area 
and 3 sq. ft. of window space. Furthermore, the inner walls should 

be rendered smooth to a 
height of 6 ft. with non- 
absorbent cement plaster 
and the floors should be of 
impervious material. 

If the standings are of the 
right dimensions for the size 
of cattle kept, they help the 
cattle to keep clean. The 
mangers should be on the 

Fio. 108.— Sketch Plan or Dairy, Giving level, so that the cattle 

Positions or Plant. can place their heads over 

them when lying down ; the 
system of tying should be one w^hich gives freedom of movement 
of the head and neck, but which restricts the backward and forward 
movement of the cattle. During recent years the American system 
of metal nock stanchions, and partitions of tubular metal, has 
become popular in Britain, because it reduces the labour bill for 
grooming. If the standings are of the right length for the breed 
then almost all the dung should fall in the gutter, while the cattle 
can comfortably stand on the raised portion. For Shorthorn cattle 
of average size each standing should be 7^ ft. long and 3^ ft. wide 
as shown in diagram 107. In sheds with double rows of cattle it is 
best to instal them on the tail to tail ’’ principle, this method 
reduces the chances of infection with respiratory diseiises and 
facilitates cleaning. 

The Dairy should preferably have a north-east aspect if it 
forms part of a larger building, but in all cases it should be near the 
byres and all paths and roads leading to it should be clean and dry. 
The dairy should have plenty of light, concrete floors and walls 
that have been cement^ smooth or tiled internally. A really 
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modem farm dairy consists of three rooms, viz., a room for cooling 
milk and storing clean utensils, a washing room equipped with 
washing vat, steam sterilizing chest and steam jet, and a boiler room 
with no direct communication with the other two rooms. 

Manipulation of Milk and Utensils. — The key to successful 
dairying is cleanliness, which involves not only keeping visible 
dirt out of milk, but also microscopic organisms which reduce the 
keeping qualities of milk and milk products. Good dairy practice, 
therefore, aims at eliminating all forms of contamination from the 
milk utensils and tho milk itself. Before milking commences the 
cows should be groomed and then milking should bo performed with 
clean hands into domed pails (Fig. 109). As an aid to keeping the 
cows clean, the hair on tho udder, Hanks and tail should bo shorn. The 
milkers should wear clean overalls and tho first stream of milk from 
each teat should be rejected because tho first drawn milk often has 
a high bacteria content through the ingress of bacteria into the teat 
canal ; it is at this stage that the milker should 
detect even mild attacks of mastitis or “ garget,’* 
by the “ feel ” of tho udder, and milk from even 
slightly affected uddors should not be included 
with tho bulk ; such milk is more alkaline than 
normal milk and in the manufacture of cheese 
renders it difficidt to secure a satisfactory curd. 
Moreover, cows with any udder infection should 
always be milked last so that milkers, or 
mechanical milking units, cannot carry conta* 
gion from cow to cow. 

Hand Milking. — The cow should be ap- 
Fin^ 109. Covr.KED proached quietly with a gentle word giving 
warning of approach and then milking should 
bo carried out quietly, quickly and thoroughly. 
A good milker will milk from seven to ten cows in an hour and 
will secure from 2 to 4 lb, of milk per minuiij according to the 
yield and ease with which the cows may bo milked ; he should not 
rest his head against the cow and should keep his shoulders still, and 
there should only be gentle movements of the fingers, wTists and 
muscles of tho forearms. Tho forequarters should be milked first, 
tho teats grasped with the full hand where possible and the milk 
ejected by applying pressure commencing with the thtimb and fore- 
finger and extending downwards, but without actually pulling 
the teats downwards. Often it is advantageous to apply a gentle 
upw^ard pressure to the udiler before commencing to squeeze and 
thus help in the more rapid emptying of the milk cistern. If the 
teats are not very long they should not be grasped in the “ full 
hand ” manner, but between the thumb and the first two fingers, 
and in almost all cases it is necessary to finish each cow by the 
“ stripping action ” which consists of forcing the last drop of milk 
out of the teats by squeezing them between the thumb and fore- 
finger as they are moved downwards towards the nipple. Cows 
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should always be stripped thoroughly as the strippings are very 
rich in butter fat and failure to withdraw all the milk during 
milking is a frequent cause of cows drying off too soon. 

Mechanical Milking. — Successful mechanical milking is now 
an accomplished fact and with some types of machine it is possible 
to produce milk of the highest hygienic quality, provided that the 
milking units are properly washed and sterilized by steam. One 
operator and a youth can control five or six units and do the 
necessary stripping. If it is the object to produce Grade A milk by 
machine the cows must be groomed and washed as for hand milking 
and the stripping should be done with a covered pail ; although 
some machines will strip out the cows it takes considerable time and 
is better done by hand. Most milking machines operate at about 
50 “ milk suction ” pulsations per minute and each unit will milk 
a cow in about the same time as a good hand milker. It cannot be 
emphasized sufficiently that scrupulous attention in washing and 
steam sterilizing must be paid to every metal or rubber accessory 
which touches the milk if satisfactory keeping qualities and low 
bacteria counts are to be obtained. 



Fia. no.— M ilk Strainer Jw. 11 J. Milk \'kssel, Ke- 
anu Component Parts. erioerator, and Milk 

Kqualizer. 


Treatment of Milk. — As soon as the milk has been drawn 
from the cow it should be removed promptly from the byre, as milk 
quickly absorbs odours and so becomes tainted. After the weight 
has been recorded the milk should be strained. Frequently the 
milk is sieved through ordinary wire gauze of fine mesh, or through 
filter cloth, but the best strainers (Fig. 110) are those containing a pad 
of prepared cotton wool which rests on gauze and removes the 
smallest particles of sediment. It should be recognized that the 
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presence of sediment on the filter disc is really an indication of faulty 
methods. 

CooLiNO OF Milk. — Where the milk is sold in bulk it is necessary 
to reduce its temperature promptly to prevent premature souring. 
This is done by passing the milk from a reception tank over the 
corrugations of a “ refrigerator ” (Fig. Ill), which consists of a number 
of super-imposed tubes through which cold water passes from bottom 
to top. The milk' should be cooled to 50° F. if possible, or alter- 
natively to within 1° F. of the initial temperature of the cooling 
water ; usually about four gallons of water are used to each gallon 
of milk. The milk generally runs direct from the refrigerator into 
tankards or chums of either 10 or 17 gallons capacity ; if several 
chums have to be filled and the freshly-calved cows are milked first, 
it frequently happens in early summer that the milk in one or two 
chums may contain less than the standard of 3*0 per cent, butter-fat, 
whereas in other cans the milk may be well above the 3 0 per cent, 
limit. This difficulty can be overcome by filling a number of 
chums — preferably all of them — simultaneously b}'^ means of a 
“ milk equalizer ” (Fig. Ill), thus ensuring a more even distribution 
of butter-fat in the chums. 

If the milk is to be separated for butter- making or is to be 
manufactured into cheese, it should not be cooled. Cooling prolongs 
the keeping qualities of milk because low temperatures inliibit the 
multiplication of micro-organisms, and milk is turned sour through 
various forms of lactic acid bacteria converting the lactose into 
lactic acid. Temperatures above 60° F. are very favourable for 
the propagation of these souring organisms. 

Cleaning of Utensils. — The real object in cleaning all dairy 
utensils is to remove not only the visible milk residues, but also the 
very thin invisible layer of greasy material which acts as a fertile 
breeding place of those organisms which are particularly harmful 
to the keeping properties of milk. The correct technique in cleaning 
dairy utensils, which is one of the most important operations in 
dairying, is as follows : immediately after use all milk residues 
should be rinsed away with cold water and then the utensils should 
be scrubbed in hot water containing washing soda, which should 
remove the last traces of caseinogen and fat. The final operations 
should include a rinse in clean, hot w^ater to remove any remaining 
washing powder, and sterilization in a steam chest, or over a steam 
jet, to destroy germ life. The usual way of finishing the washing 
process on farms is to “ scald '' the utensils, but “ scalding ” is not 
nearly so efficient as steaming” them. The most frequent direct 
cause of premature souring of milk is inefficient cleaning of the 
dairy utensils and particularly insufficient steaming or scalding. 
In the production of graded milk, where bacterial coimts must be 
kept low, it is essential to sterilize all utensils, sieves, udder-ckaning 
cloths, etc., by steam, preferably in a chest in which the steam is 
not maintained under pressure so that the latent heat of vaporization 
may be utilized. 
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Modern Conception of High Grade Milk. — In former times 
milk was considered to be “ clean ” if it proved to be free from 
sediment upon filtration through cotton wool pads, but now a low 
content of bacteria is required in addition. Where the dairy 
utensils are not sterilized, high germ contents arc caused by the 
inoc\dation resulting from the multiplication of bacteria on the 
walls of the utensils between milkings, and by the bacteria contained 
in the particles of dung, dust, etc., which gain admission. The 
content of Bacillus coli is a valuable index of the “ cleanliness ** 
of a sample of milk, as these organisms are usually associated with 
excreta, and it is usual to judge of the hygienic quality of milk by a 
consideration of the content of Coli bacilli in conjunction with the 
bacteria count, the bacteriological testing being performed when 
the milk is from 24 to 30 hours old and has been kept at normal 
temperatures. 

Several “ grades of milk ” are permitted by law in Great Britain ; 
licences to produce the two highest grades. Certified and Grade A 
(Tuberculin Tested) milk, are issued by the Ministry of Health, 
whereas the County Councils grant licences to produce Grade A 
milk, as in this case the cows are only clinically examined at quarterly 
intervals by veterinary siirgeons. In all grades the premises, 
cattle and methods of production, are subjected to inspection and the 
milk has to conform to stringent regulations concerning the content 
of bacteria. All cattle producing Certified and Grade A (Tuberculin 
Tested) milk must pass the prescribed tuberculin tests every six 
months in addition to clinical examination. 

Success in the production of graded milk can only be achieved 
by careful attention to all details which contribute to a low bacteria 
count and so to long-keeping qualities. In fact, many producers 
of high-grade milk have install(‘d units for mechanical refrigeration 
by means of “ brine cooling,” etc., .since tho.se installations can now 
be purchased at reasonable prices. Even where mechanical 
refrigeration is practi.sed with graded milk, every utensil should be 
sterilized with steam to complete the cleaning processes. 

Composition of Milk. — Milk has no fixed composition, and the 
milk produced by different species of mammals contains varying 
proportions of the main con.stituents which are common to all 
kinds of milk, 'bhe chief constituents of milk are water, milk fat, 
milk sugar or lactose, the mineral portion or ash and the proteins 
consisting of caseinogen (often loosely referred to as casein), albumin 
and a little globulin. The globules of milk fat are in suspen.sion as 
an emulsion, the lactose and part of the ash are in true solution, and 
the caseinogen and part of the ash arc in colloidal solution. It will 
be realized, therefore, that the chemical and physical composition 
of milk is very complex. 

Rapid Analysis of Milk, — Formerly, considerable reliance 
was placed in the results given by the “ creamometer ” which is 
merely a graduated glass cylinder ; milk was poured into the cylinder 
and after the cream had risen the percentage of cream was read. 
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It is now known that the percentage volume of cream is not directly 
proportional to percentage of butter-fat. 

Accurate fat determinations are easily made by the Gerber 
test ” which is used throughout Europe, or the somewhat similar 
“ Babcock test ** which is preferred in America. To carry out the 
Gerber test a special test bottle or butyrometer is used ; into this is 
placed 10 ra.l. of sulphuric acid of 182 specific gravity, 11 m.l. of 
milk and 1 m.l. of amyl alcohol ; a rubber stopper is then inserted, 
and the butyrometer is shaken imtil the sulphuric acid has broken 
down the fat emulsion by digesting the caseinogen. After the test 
bottle has been whirled rapidly for several minutes in a centrifugal 
machine it is removed and heated to 150° F. in a water bath, and the 
volume of the solution of milk fat in amyl alcohol is read off on the 
scale provided, thus giving the percentage of fat (Fig. 112). 

In addition to the fat deter- 
mination the specific gravity 
of the milk at 60° F. should be 
determined by a special form 
of hydrometer known as a 
“ lactometer.” The average 
specific gravity of milk at 60° F. 
is 1 032 and the last tw o figures 
are known as the “ degrees of 
specific gravity.” Numerous 
formulae have been calculated 
which enable one to deduce 
the percentage of total solids 
or non-fatty solids if the fat 
percentage and specific gravity 
at 60° F. are known. Rich- 
mond’s formula, given below', 
is one of the best known and is also easily used because the 
calculations can l)e rapidly done on a special slide rule. Rich- 
mond’s formula is 

T = 2 + zF + 0 14 
4 o 

where T and F are the percentages of total solids and butler-fat 
respectively, and Ci is the degrees of specific gravity recorded. 

It is not possible to estimate the quality of milk by the lacto- 
meter alone ; the fat percentage must be considered with it, as must 
be evident when it is realized that the addition of water or cream 
to a sample of milk both reduce the s[)ecific gravity of the .sample. 

Composition of Mu.k. — In farming jiractice the quality of 
milk is affected by several factors, the most important of which are 
the season of the year, .stage of lactation, length of intervals betw'een 
milking, efficiency of stripping and breed of cow. Tlie fat per- 
centage is liable to much greater fluctuations than the non-fatty 
solids. In general, the percentage of fat is high from November to 
January, rather lower from February to April, low from May to 



Fiq. 112. — Gerber Milk Tester. 
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mid- August and higher again in September and October ; the 
solids-not-fat content varies less, but is often lowest in July and 
August and highest from November to January. 

For the first two or three weeks after parturition the fat per- 
centage is irregular from day to day and may be very high, but when 
the daily yield of milk is at its highest from the fourth to the sixth 
week after calving, the fat percentage is at its lowest, after which it 
gradually rises until the end of the lactation. In ordinary practice 
the fat content of the morning’s milk is lower than that of the 
evening’s, and as the night interval between milkings becomes 
longer and the day interval correspondingly shorter, so does the 
variation increase between morning’s and evening’s fat percentage. 
The efficiency of the milkers is very important, since careless or 
inefficient milkers may not obtain all the strippings, which 
frequently contain 8 0 per cent or 10 0 per cent, of butter-fat. 
Jersey and Guernsey cows give milk very rich in fat, while some other 
breeds, like British Friesian cows, give larger quantities of milk 
containing a lower fat percentage. 

The Legal Standard.” — In Great Britain if milk contains 
less than 3 0 per cent, butter-fat or 8*5 per cent, non-fatty solids, 
it is held to have been adulterated until the contrary be proved. 
Usually there is little difficulty in keeping the content of non- 
fatty solids above 8*5 per cent., but in May or June in herds con- 
taining many recently calved cows milked after irregular intervals, 
the morning’s milk frequently contains less than 3*0 per cent, butter- 
fat. To guard against this contingency it is always advisable to 
milk the heaviest yielding cows last at night and first in the 
morning. 

The com])osition and appearance of milk is very important when 
milk is sold in bottles, as customers like to see a deep layer of cream 
on the surface ; they also prefer milk possessing a rich yellow colour 
like that given by cows of the Channel Island breeds. Greater 
attention to the butter-fat content of milk would also well repay 
cheese-making farmers as the elimination of cows giving milk of 
low' fat content is the easiest way of increasing the return of cheese 
per gallon of milk, since cheese contains such a high percentage 
of butter -fat. 

Abnormalities of Milk. — The milk yielded directly after 
parturition is called ” colostrum,” and is intended by nature as 
the calf’s first food. It is a yellow or brownish, viscous fluid, rich 
in antibodies which help to build up quickly the calf’s resistance 
to disease. Colostrum may contain as much as 30 per cent, total 
solids and 15 to 20 per cent, of proteins ; the usual test for colostrum 
de})ends upon the fact that heat causes the colostrum to coagulate 
on account of the very high content of globulin. The milk produced 
for at least four days after calving should irot be used for consump- 
tion or dairy x)urposts. 

During the late summer months some farms are troubled by 
‘* ropy milk ” ; some hours after milking the milk becomes viscous 
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and may be drawn out in long threads or “ ropes as a result of 
bacterial action. The origin of these germs is frequently polluted 
water and marshy pastures, but all utensils and cloths are liable to 
become contaminated. The remedy is to sterilize by steam all 
utensils, sieve cloths, etc., and to clean thoroughly all cows before 
milking. 

When an udder or quarter thereof suffers from mild inflammation 
the milk frequently may appear normal ; tests indicate, however, 
that such milk is abnormally alkaline and that on the addition of 
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rennet it coagulates slowly and forms a slimy, unmanageable curd 
during cheese-making operations. 

Taints of Milk are usually caused by the action of bacteria on 
the milk under favourable conditions of tem))erature : “ cleaning 
swabs which have not been sterilized or scalded frequently carry 
such contamination. If cattle eat grass or hay containing garlic, 
mint, wild onion or stinking mayweed, the milk may possess an 
obnoxious odour and flavour. The feeding at unwilted sugar beet 
tops, or beet pulp which has been soaked in beet molasses, somet imes 



654 


DAIRY PRODUCTS 


produces an odour and taste of fish owing to the formation of 
trimetbylamine. Recently, too, it has been realized that exposed 
surfaces of copper may act as a catalyst in the oxidation of certain 
constituents to form an oily or Bsby flavour in milk or milk products. 

Separating of Milk. — On farms where a trade for cream exists, 
or where butter is made, the milk is separated by mechanical means 
into cream, and the by-product, separated milk, which is usually fed 
to calves and pigs. Formerly the milk was set in shallow pans and 
the cream skimmed off after 24 or 36 hours, but this practice is now 
nearly obsolete. The separator (Fig. 113) is a centrifugal machine 
designed for continuous flow ; many sizes are manufactured, 
capable of dealing with from 10 to 900 gallons of milk per hour. 
The milk is allow'ed to run into a perfectly balanced bowl rotating 
at about 6,500 revolutions per minute, which contains a number of 
discs super-imposed upon one another so that the liquid is centri- 
fuged in thin layers, thus increasing the separating capacity of the 
machine and reducing the speed necessary. Daring separation the 

cream passes to the centre of 
the bowl and emerges to the 
outlet pipe through an adjust- 
able “ cream screw which 
controls the richness and thick- 
ness of the cream produced. 
The separated milk passes to 
the outside of the discs and 
flows away through a separate 
pipe. After all the milk has 
been separated, a little separ- 
ated milk should be returned to 
the bowl to flush out the cream 
which remains therein. Milk 
F.c, U4.-Alfa-Laval Separatok should be separated at not less 

than 90° F., immediately after 
being drawn from the cow, and the separator should be set up on a 
firm, level foundation. Once the cream screws has been fixed 
satisfactorily it should not be re-adjusted without due deliberation. 

Ckeam Avhich is intended for table consumption should always 
possess a fluid consistency as cream which is very rich in fat 
frequently becomes a thick paste which cannot be ])oured. In 
Britain there are two types of cream sold, “ thin cream ” containing 
25 to 30 per cent, of butter-fat, and “ double cream ” containing 50 
to 55 per cent, of butter-fat and about 4 6 per cent, of non-fatty 
solids. Oeam which is to be used for whipping should contain at 
least 43 per cent, of butter-fat, although if very cool and under 
favourable conditions that containing as little as 35 per cent, may 
whip satisfactorily. 

Cream which is intended for butter-making is first “ ripened ” 
with a culture of lactic acid bacteria, known technically as a 
“ starter.” Starters are of two kinds, namely home-made or natural 
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starter, which is merely soured milk or skim milk containing wild 
strauis of organisms and consequently often grossly impure, and 
starters propagated from pure bacterial cultures. The latter are 
now used extensively. 

Butter. — The intensity and character of the flavour and aroma 
of good butter depend upon the treatment of the cream. The 
most uniform butter is made from cream 24 to 48 hour.s old, churned 
sweet or ripened by means of a starter ; it is impossible to secure 
uniformly good butter throughout the year from badly ripened or 
poor flavoured cream. On the farm churning should take jflace 
two or three times weekly. A third of a pint of starter is added to 
each gallon of cream placed in the ripening vat ; the mixture should 
be well stirred and allow'ed to stand at 65° to 68° F. As each batch 
of freshly separated cream is obtained, it is added to the bulk at the 
correct temperature and well stirred in. Fresh cream should never 
be added to that which is already ripened within twelve hours of 
churning since this practice results in loss of butter-fat in the butter- 
milk. In some dairies the cream is pasteurized by heating to 
145° F. for 30 minutes, or to 180° F., followed by prompt coolhig to 
68° F. in both cases ; pasteurization prior to ripening ensures greater 
uniformity by destroying much of the miscellaneous germ life in the 
cream. 

The operation of churning results in the destruction of the ‘ fat 
in skim milk ” emulsion of the cream as indicated by the coalescence^ 
of the globules of fat into particles as large as wheat grains. The 
residual liquid after churning is flnished is known as butter-milk 
The^ best results are obtained with cream containing about 30 per 
cent, of butter fat and a titratable acidity of 0*30 per cent., that is, 
when the cream tastes and smells decidedly sour, although it should 
have a pleasant flavour and be thick and smooth in appearance ; 
churning should take place at 55° to 58° F. in summer and 58° to 
63° F. in winter. The texture of butter is ruined in many cases by 
churning at too high a temperature, or by churning the butter into 
a lump, or not working it sufficiently on the worker. Streakiness or 
discolouration may be caused by chiurning the butter too far, which 
impedes the washing out of the butter-milk and reduces the keeping 
qualities. 

The churn should be rotated at 40 to 60 revolutions per minute, 
according to the type used, and should be ventilated freely during 
churning. If the cream ‘ goes to sleep ” after churning for 25 to 
30 minutes the lid and sides of the churn should be rinsed with cold 
water and butter will usually come with a few more revolutions of 
the chum. 

Churning should cease as soon as butter comes, when the 
temperature of the butter and butter-milk should be taken, so that 
during the subsequent washing and brining processes the butter may 
keep its grain and not get into a lump. A small quantity of 
“ breaking water is first added 6° F. lower than the churning 
temperature to cool the butter and separate the grains ; churning 
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is then continued until the butter is the size of small wheat grains. 
The butter-milk should be drawn off and the butter washed once 
with cool water if brining is practised and t\^ice if dry salting is 
relied on. When salting with brine, the butter should be covered 
with brine made at the rate of from 1 to 2 lb. salt per gallon of 
water, and the churn rotated six or eight times and then left for a 
quarter of an hour. 

Working the Butter. — The brine should then be drawn off 
and the grains of butler transferred by a hair sieve to the “ butter- 
worker where they are allowed to drain for a short time before the 
excess of moisture is removed by the roller. Frequently the brining 
of butter is replaced hv drysalting, when from J to f oz. of salt is 




Fig. 115. — Churn. Fig. 116. — Butte r-worickr. 

added to each pound of butter during the working operations, and 
the butter is left on the worker for about an hour, covered with 
muslin, before it is worked dry, to make sure that the salt dissolves 
and so prevents the development of a streaky, mottled appearance. 
Superfluous moisture from butter may be removed by the 
“ delaiteuse ” which is a centrifugal ’drying machine capable of 
being rotated at about 750 revolutions per minute. The butter is 
finally weighed into pounds and half-pounds and moulded with a 
pair of “ scotch hands ” to obviate handling. To comply with the 
Food and Drugs (Adulteration) Act, 1928, butter should not contain 
more than 16 per cent, moisture. 

Cleaning the Churn. — When butter-making is finished, the 
chum and other utensils should first be rinsed with water at 126® F. 
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to remove the grease, then scrubbed with hot water, and £naHy 
scalded with boiling water and left to dry. 

Qualities of Good Butter. — Well-made butter should be firm 
in texture and not greasy, and should cut clean with a knife and break 
with a granular fracture. Cotton cake, coconut-cake and bean meal 
tend to produce a hard, white butter, while linseed cake, rice meal 
and young grass tend to make butter soft and greasy ; carrots, 
parsnips, fresh grass, silage and green fodder crops impart a pleasing 
yellow tint to milk fat and butter. The amount of butter obtained 
from milk depends upon the fat content of that milk. In the case of 
Jersey and Guernsey cattle one poimd of butter may be obtained 
from two gallons of milk, but three gallons may be required from 
Friesian or Red Poll cows. The ratio of the number of pounds of 
milk necessary to give one pound of butter is known as the “ butter 
ratio.” 

Cheese. — In cheese-making the aim is to collect the casein 
with all or as much fat as possible, evenly distributed throughout 
the whole mass ; thus the main food constituents of milk are con- 
verted from a bulky and quickly perishable state to a condition in 
which they may be easily transported or stored for a considerable 
period. 

The process of modem cheese-making depends upon the ability 
of an enzyme or ferment, which is prepared from the stomachs of 
young calves and known as “ rennet,” to convert milk into a white 
solid and a greenish liquid. The solid material is called “ curd ” 
and contains the casein and almost all of the milk fat, whereas the 
liquid, w^hich is known as “ whey,” contains practically all the 
milk sugar and albumen of the milk. 

In the manufacture of cheese the curd is gradually reduced to 
the correct consistency and finally moulded to a suitable size and 
shape for ripening and storing. It is essential that the cheese- 
maker should be able to control properly the acidity and moisture 
content of the curd, since a correct balance between these factors 
must be maintained at all stages for the variety of cheese manu- 
factured. Acidity is develop^ either by encoursiging the lactic 
acid -producing types of bacteria normally found in milk, or by the 
addition of a culture of starter ; the control of the degree of acidity 
produced is affected largely by temperature. 

The agents utilized in cheese-making for drying the curd are 
acidity, rennet, cutting of the curd and scalding. It is by slight 
modification in the application of these agents that different varieties 
of cheese are made. 

Varieties of cheese are divided into three general groups, “hard- 
pressed,” “ blue-veined ” and “ soft cheese.” Hard-pressed 
varieties comprise Cheddar, Cheshire, Derby, Lancashire and 
Caerphilly ; blue-veined types include Stilton, Wensleydale, 
Dorset Blue and Gorgonzola, while Camembert, Pont TEveque, 
Coulommier, Brie and cream cheese are instances of varieties of 
soft cheese. 
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Chbddah Cheese originated in Somerset and is named after the 
village of Cheddar which has long been celebrated for its cliffs and 
caves. Travellers would often partake of cheese which came to 
be called by the name of the village, but its manufacture in the 
actual neighbourhood of Cheddar is of comparative recent date, and 
it is now manufactured on farms and in cheese factories in many 
countries of the world. It is probably the most popular of the 
British hard-pressed varieties. 

The cheese is made from whole milk and the morning’s milk is 
mixed with that produce*^ the previous evening. It is essential to 
use milk produced under clean conditions in order to avoid the 
development of undesirable favours and taints which may result 
from the action of the types of bacteria common in dirty milk. 
When this cheese is made in factories from milk collected from many 
farms it is a common practice to jiasteurize the milk and then develop 
the necessary acidity by the addition of a starter. I'lic mode of 
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manufacture of Cheddar cheese varies considerably in different 
districts and with different types of milk, and while the following 
details give one method as an example it should be realized that 
any times and figures given can only be approximations which may 
need to be varied within quite wide limits. 

The milk is placed in a jacketed vat in which the temperature 
can be controlled by water and steam admitted to the outer jacket. 
Acidity is developed until it is about 0 06 per cent, higher than that 
of the milk originally ; this usually gives an acidity of about 
0 22 per cent, by the acidimetcr test, and the temjx^rature is then 
maintained at about 85^ F. Rennet is added in sufficient quantity 
to curdle the milk and bring the curd to such a firm condition that 
it will break cleanly over the finger after 40 to 50 minutes. The curd 
is then cut with special knives (Fig. 118) to about the size of peas ; 
this liberates moisture, and the smaller the curd is cut, the more 
quickly it dries. After cutting, the curd is gently stirred and the 
temperature gradually raised to about 100® F. ; this scalding ” is 
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a further drying agent and the temperature and- time occupied 
varies considerably. The process is continued until sufficient 
firmness has been obtained in the curd. The average time required 
for scalding is about one hour from the time of cutting. The curd 
is then allowed to settle in the whey, which is drawn off when its 
acidity reaches about 017 to 0*18 per cent. The curd will now 
consolidate into a mass which is cut in squares of about 9 in. 
for convenient handling. Acidity should be developing in the curd 
at a fairly rapid rate, and turning and piling the curd is normally 
carried out at intervals of about 20 minutes in order to obtain the 
necessary dryness. The curd is ready for grinding when a rubbery 
texture has developed and the acidity of the whey has reached 
about 0 8 per cent. ; the time taken to reach this stage may be about 
three hours from the time of drawing the whey. The curd is ground 
in a mill, salted at the rate of about 1 oz. of salt to lb. of curd^ 



Fig. 118. — Curd 
Knives. 



Fio. 119.- Curd Mill and Cheese Mould (Right). 
Not to Scale. 


and placed in moulds for pressing. The size of the moulds varies ; 
the larger cheeses usually weigh 60 to 80 lb. and the smaller or 
“ truckle Cheddar *’ cheeses weigh 12 to 14 lb. After pressing for 
about two days the cheese is bandaged and placed in a rij^ening 
room where it is turned over daily. It should be ready for con- 
sumption in four to eight months. 

Cheshire Cheese. — This hard-pressed cheese is named from the 
county of its origin and, in common with Cheddar, it is an extremely 
popular variety. 

The manufacture i.s somewhat similar to that of Cheddar but 
the finished product is milder, more open in texture, and often 
coloured by the use of annatto colouring. 

Clean, whole milk is used and the details of making vary according 
to whether a rapid, medium or slow ripening cheese is desired. 

Up to the time of moulding, the chief difference between Cheddar 
and Cheshire cheese-making is that at all stages the latter is kept 
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less acid and more moist ; thus the following acidities are commonly 
used for Cheshire cheese-making : rennetting at 018 per ce;it., 
whey drawing at 0* 15 per cent, and grinding at 0 45 per cent. At the 
same time, the moisture content is kept higher by cutting the curd 
into larger pieces and scalding at a lower temperature, e.gr., 92° F. 
After placing in the moulds Cheshire cheese is not pressed for about 
24 hours, and during the period it is kept in a warm room at about 
75° F. This treatment encourages the development of acidity at a 

later stage than in the case 
of Cheddar and results in a 
much more open textured 
cheese. .Ultimately, pressing, 
bandaging and ripening are 
carried out as with Cheddar, 
and the cheese should be 
ready for consumption in two 
or three months, but will keep 
much longer if desired. 

Blue-Veined Cheese. — 
The best -known example is 
Stilton cheese, which is fami- 
liar to every English-speaking 
race. Stilton cheese-making 
probably calls for more skill 
and attention to detail than 
any other British variety. 
Blue -veined cheeses are not 
ground and pressed like hard- 
pressed cheeses as the aim is 
to retain an open texture so 
that the characteristic blue 
mould, knowTi as Penicillium 
glaucum, may develop in 
veins during ripening. 

Although the manufacture 
of Dorset blue cheese has now 
almost entirely died out, it is 
interesting to note how it 
fitted into the prevailing sys- 
I'lo. 120.— Cheese Pbess. tem of dairy husbandry and 

provided a means of utiliz- 
ing the skim milk. Before cream separators came into general use 
the skim milk obtained by the shallow pan method still contained 
0*5 to 1*0 per cent, of butter- fat ; the method of manufacture was 
to convert the skim milk into a satisfactory cheese by working with 
high acidities and moisture content. With mechanically separated 
milk the resulting cheese is hard and imsatisfactory. This system 
of cheese-making fitted in well with butter-making or cream-selling. 

Soft Cheese. — The home of the manufacture of soft cheeses is 
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France, but they can be made satisfactorily in Britain. Soft 
cheeses are not subjected to heat or pressure in any stage of manu- 
facture, and as a result of the natural drainage a high moisture 
content is normal. Most soft cheeses deteriorate rapidly after 
maturity has been reached, and much care is required in the manu- 
facturing and ripening conditions if first-class results are to be 
obtained. In general, three rooms are necessary — (1) a “ making 
room ” in which the milk is coagulated, drained and moulded ; this 
room need not be large but should be provided with a means of 
artificial heating ; (2) a “ drying room ” where the cheeses undergo 
the earlier stages of ripening and which should be subject to easy 
control of ventilation and temperature ; (3) a “ ripening room or 
“ cellar ” where ripening should be completed imder cool, moist 
conditions. 

CouLOMMiER Cheese. — To 2 gallons of milk add 12 drops of 
rennet and set at 84° to 87° F. ; stir for 3 minutes and then at 
intervals during the next 2 hours until coagulation commences 
to prevent the cream from rising. In 6 to 8 hours the curd will be 
ready to be ladled out in thin slices into cir- 
cular moulds which are placed on scalded 
straw mats to assist drainage. The moulds 
are 5J in. deep and 5 in. in diameter (Fig. 121). 
On the follo>^dng day the upper part of the 
mould should be removed, the cheese turned 
on to a fresh mat and the surface sprinkled 
with salt, while later in the same day the 
cheese should be turned again and the other 

>io. 121 .~coulommike sprinkled with salt. The cheese must 

Chsese Mould. t 

be turned every day until ready for use. In 

Britain, Coulommior cheese is not ripened but eaten fresh from 

three to six days after manufacture. Half a gallon of milk is 

required for each cheese. 

Cream Cheese. — Two varieties are made, double-cream cheese, 
from sweet cream containing about 50 per cent, fat, and single- 
cream cheese from thin cream which is ripened with starter and 
thickened with rennet before drainage takes place. 

Double-Cream Cheese. — ^Takehalf a gallon of freshly separated 
thick cream and add one pint of warm milk to bring the temperature 
up to 80° or 84° F. ; add 2 oc. of rennet and stir well for one minute. 
After an hour cut the thickened cream into squares, ladle carefully 
into two fine textured linen cloths cmd remove to a cool place to 
reduce the temperature as much as possible. After another hour 
the cloths containing the cream should be hung up to enable the 
whey to drain away ; the inside of the cloths should be scraped 
three or four times during the day to facilitate percolation. If the 
cream cheese is not firm enough to mould the next morning slight 
pressure should be applied. Before placing in moulds salt should be 
added at the rate of half an ounce for each half gallon of cream used. 
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During periods of hot weather the salt should be added at an early 
stage to accelerate drainage. 

Instead of hanging the cream cheese cloths they are sometimes 
drained by placing them in shallow boxes of hite sycamore wood 
provided with bottoms of laths ; when pressure is to be applied, 
a well-fitting lid is placed over tiie cloths and a suitable weight 
laid thereon. 
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CHAFIER XXVII. 

ANIMAL HYGIENE. 

Farm animals, like all living creatures, are at times the subjects 
of accidents and diseases of various kinds which occasion a certain 
amount of suffering and some pecuniary loss to the owner and to 
the state. These unfortunate accompaniments of animal husbandry 
will continue in spite of the most elaborate precautipns, but it 
cannot be too strongly emphasized that the effects of their incidence 
can often be reduced to an almost negligible significance by tlie 
application of simple preventive measures. Even in the case of 
the great animal plagues which, fortunately, are of rare occurrence 
in this country, a reasonable knowledge of animal hygiene will 
go far to prevent their ingress to a particular herd or flock, and to 
limit their ravages. 

In thus striving to avoid suffering and wastage among animals 
the efforts of the farmer himself play the most important role, 
and while it would obviously be uiureasonable to expect him to 
acquire a profound knowledge of aU the ailments to which they 
are liable, he should, in his own interests and in those of others, 
be acquainted with the main features of the common contagious 
diseases and with the broad principles of animal hygiene. The 
early recognition of abnormal conditions and the equally early 
establishment of methods for their control are of the utmost 
importance 

In tlie case of non-infectious diseases and of common accidents 
a sound knowledge of the principles of first-aid methods of treatment 
is often the means of saving valuable lives and of preventing wastage 
and suffering. It is no less important to realize our limitations in 
this direction and to seek professional assistance in all cases of doubt, 
for many apparently mild ailments, unless properly treated, may 
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lead to serious complications, while others may be the symptoms 
or forerunners of some much more dangerous complaint. 

In the following pages an attem])t lias lx‘en made to deal 
briefly with the care and attention wliieli should be devoted to 
sick animals and with first-aid treatment : the later part outlines 
the features of the more important contagious diseases with special 
reference to their prevention and control. 

THE CARE OF SICK ANIMALS. 

Signs of Disease. — The average owner is well acquainted with 
the appearance of animals in health and readily notices any obvious 
departures from the normal, e.g.y loss of apjietite, listlessness, 
dullness of the eye and of the coat, injection of the superficial 
blood vessels and so on : these changes are of great significance 
and should be carefully noted. In addition, the veterinarian 
will often require additional information on such matters as the 
number of animals affected, change of habits, quantity of food and 
water taken, a])pearance of constipation or diarrhoea and the 
character of the dung and the urine, as well as the nature of any 
.secretions. 

Isolation Box. — Provision should l>e made for a sick box not 
only for the comfort of the sick animal, but also Ix^cause the prompt 
isolation of an animal which is obviously unfit and may be in the 
early stage of an infectious disease, will often check an incipient 
outbreak. This loose-box should be situated as distant from the 
healthy stock as is practicable and should be roomy, well- ventilated 
and easily disinfected ; it should also contain a minimum of 
fittings which, with advantage, should he of the movable type. 
The care of the sick animal ought to be entrusted to one person ; 
if it is not possible for tliis attendant to devote the whole of his 
time to the invalid and he is obliged to mix with the healthy stock, 
he should attend to them before proceeding to the sick quarters, 
and should also thoroughly disinfect his hands and his clothing 
before returning to the uninfected animals. The most scrupulous 
care must be exercised in maintaining the cleanliness of the sick 
quarters and in their thorough and regular disinfection. The best 
tyq>e of bedding is wheat straw which should be frequently renewed, 
the old bedding being destroyed. The importance of fresh air 
cannot be over estimated although, unfortunately, an opinion is 
still widely held that the exclusion of air by stopping up the windows 
and doors is essential for the recovery of the sick animal. It 
cannot be too strongly urged that the provision of an ample supply 
of fresh air, without necessarily allowing draughts, is of very 
material aid in all diseases, particularly in those of the respiratory 
organs. Even in the most severe weather, the upper half of the 
door may be left open, the bodily heat b^hng maintained by light 
rugs, bandages to the legs and an abundance of bedding, a pro- 
cedure which has the further advantage that the benefits of the 
8un*B rays are not lost. 
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Food and Water. — A plentiful supply of clean water, preferably 
with the chill taken off, should be Available at all times. The choice 
of a diet is also of great importance, for in most illnesses and more 
especially in those which are accompanied by a high temperature, 
the appetite is in abeyance, and a variety of palatable and easily 
digested foods should be offered in order to tempt the animal. In 
most diseases, a slightly laxative diet is desirable in order to promote 
a free movement of the bowels and thus aid the elimination of 
toxic products. A description of the more important diets, which 
are usually recommended as suitable, may here be given together 
with their methods of preparation. 

Bran mash. — Place 3 lb. of bran in a clean pail with a little 
water and scald for half an hour ; then add 3 pints of boiling water 
and a pinch of salt, cover, and allow to cool to a suitable temperature. 
If a more laxative diet is required, a bran and linseed mash may be 
prepared by boiling together for two to three hours, 1 lb. of linseed 
and 2 lb. of bran in 1 gallon of water. With regard to mashes 
containing linseed, it is important either to boil the linseed or at 
least to ensure that the water which is used is actually boiling ; 
failure to observe this precaution is not infrequently responsible 
for cases of poisoning in live stock by hydrocyanic acid which may 
be liberated when linseed is allowed to ferment. Linseed tea is 
a useful demulcent prepared by boiling J lb. of linseed in a gallon 
of water for several hours and straining. Hay tea is made by filling 
a bucket with good hay and scalding with boiling water ; the mixture 
is covered and strained when cool. Gruel is prepared by making 
into a thin paste with water, 1 lb. of barley or oatmeal and heating 
with continuous stirring ; it should not be too thin in consistency. 
In cases of great exhaustion or collapse, especially for a valuable 
animal, it may be necessary to administer eggs beaten up in milk 
with or without a stimulant, such as a little whisky. The value 
of green foods, e,g,, clover, lucerne, rye grass, carrots, etc., in 
tempting the fickle appetite must not be overlooked. 

Temperatfbe. — ^The various infectious diseases are usually 
accompanied by a definite rise in temperature which is often in 
existence before the appearance of visible lesions. A febrile con- 
dition can be recognized by certain external signs such as shivering 
and rigours, accompanied by great depression ; the breathing is 
rapid, the pulse bounding and there is great thirst and loss of 
appetite. The rise in temperature can be registered by means 
of a clinical thermometer which, in the domesticated animals, 
is usually inserted into the rectum. In taking the temperature, 
it is important to first shake down the column of mercury for 
failing to observe this precaution may result in a false re€iding ; 
in addition, it is advisable to adhere to the stated time (30 secs., 

1 min., 2 min.) which is marked on all reliable instruments. The 
temperature of the adult animals of the farm in health may be 
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taken as : Horse 100"— 101° F., Cow 101"— 102^ F., Sheep 103"— 
104" F., Pig 102"— 103" F., Fowl 105"— 107" F. In young animals 
the normal temperature is slightly higher. 

Administration of Medicines. — During the course of an 
illness, it is often necessary to administer medicines either in a 
solid or a liquid form, a simple matter provided reasonable care 
is taken particularly in the case of liquid preparations. Id the 
horse, many drugs are given in the form of a ball. The animal is 
haltered and turned round in the stall, the bolus is taken between 
the fingers of the right hand, the tongue is pulled forward and the 
tip turned upwards by the left hand. The right hand is then quietly 
passed over the tongue to the back of the throat, the ball released 
and the hand withdrawn : no difficulty need be experienced 
provided the operation is carried out without undue fuss. The 
left side of the neck should be watched so that the descent of the 
ball through tlie gullet can be seen, for some animals will retain 
the bolus in the back of the throat and then reject it after several 
minutes. In giving a draught to a horse, the bottle, which should 
have a long and narrow neck, is introduced by one hand between 
the jaws through the space anterior to the molar teeth, the chin 
being elevated by the other hand. The drench must be given 
slowly with frequent pauses, and care must be taken not to hold 
the chin too high or the animal may be choked. It is inadvisable 
to give fluid preparations to an animal which is suffering from an 
acute disease of the respiratory organs. In sheep and cattle, the 
bottle can be passed between the front of the jaws — otherwise the 
same precautions should be observed as in the case of the horse. 
It is often convenient to administer drugs in the food especially 
when an exact dose is not of great importance : some of the remedial 
preparations which are of value against the various internal parasites 
of the horse, the calf, the sheep and the pig may, with advantage, 
be given in this manner. 

Convalescence. — During the period of convalescence from a 
febrile complaint the power of undertaking heavy work is severely 
limited, and the amount of exercise which is allowed should be 
strictly graduated. It is wise to progress slowly for imdue haste 
in returning an animal to full work may lead to a sudden relapse. 
I'he benefit of exercise in a lame animal varies according to the 
cause of the lameness, and the advice of the professional attendant 
should be closely followed. 

FIRST AID MEASURES. 

Medicine Chest. — It is a wise precaution to maintain in a 
readily accessible place an emergency chest which should contain 
the following articles : several lengths of bandage of tarlatan or 
calico, medicated lint, antiseptic cotton wool, tincture of iodine 
(2i per cent.) or other suitable antiseptic lotion, a clinical ther- 
mometer, linseed oil and turpentine, etc. 



66G 


ANlxMAL HYGIENE 


HiSMORRHAOE. — ^The occurrence of severe bleeding as the result 
of an accident or as a sequel to an operation, may necessitate prompt 
measures in order to save an animal from bleeding to death, although 
there is a natural tendency towards the arrest of haemorrhage by 
the process of coagulation, which is usually sufficient to check the 
flow of blood. Uncontrollable haemorrhage may take plaice from 
a severed artery or vein, or from an extensive wound : arterial 
blood, which is thrown out in jets, can be recognized by its bright 
red colour, whilst venous blood flows quietly and is dark in colour. 
If a large blood vessel of ' limb is severed, the bleeding may be 
arrested by a tourniquet which can be improvised from a piece 
of rope or a handkerchief twisted by a piece of stick and placed 
above the wound in the case of an injured artery, i.e., nearer the 
heart, and below the injury in the case of a vein. As a rule it will 
be necessary to- seek advice in order that the severed ends of the 
vessels may be ligatured. Large superficial wounds may be plugged 
with cotton wool, preferably sterile, held in position by a bandage. 
In persistent haemorrhage it is essential to keep the animal as quiet 
as possible, since movement tends to increase the danger. Cold 
water is a valuable styptic and may be freely used in such injuries 
as haemorrhage following castration, which is sometimes rather 
troublesome ; in bleeding from the nostril and so on. A rupture 
of an internal vessel is an unfortunate accident for which little 
can be done, beyond keeping the animal quiet. In cattle fractures 
of the horn core are frequently followed by excessive haemorrhage ; 
the core should be carefully replaced and held in position by a 
figure of eight bandage round the base of both horns. 

Fractures. — It is a common belief that fractured bones in the 
larger animals will not unite, but this view is quite erroneous for, 
if the broken ends are brought into proper apposition, a satisfactory 
union will take place. In the larger animals, however, the treatment 
of a fractured Ihnb is a lengthy and difficult process, and is rarely 
an economical proposition. Fractures may be simple or compound ; 
in simple fractures, there is a clean break in the bone without 
splintering or injury to the skin, whilst in compound fractures, 
the broken end of the bone penetrates the skin. This complication 
is always serious, for it paves the way for the entrance of various 
micro-organisms which may set up a suppurative condition and 
thus considerably retard the process of healing. A fracture of a 
limb can be detected by the shortening which generally occurs, 
and by the inability to carry weight on the injured member. By 
careful manipulation the broken ends, when rubbed together, will 
give a characteristic sound known as “ crepitus,” but great 
caution must be exercised in applying this test or a simple fracture 
may be converted into one of the compound type. In a case of 
fracture, the first step is to restrain all movement as far as possible. 
If a bone of a limb is broken, the damaged member may be supported 
by light, flat pieces of thin wood placed, one on the outer face and 
one on the inner face of the limb, and kept in position by light 
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bandages ; these supports should be well wrapped in a soft material, 
such as cotton wool, in order to avoid undue pressure. In uncom- 
plicated cases after four to six weeks the union between the fractured 
ends of the bone should be sufficiently strong to enable the animal 
to put some weight on the limb. 

Wounds and Injuries.— Although wounds of various kinds 
are amongst the commonest accidents which befall live stock, it 
is to be feared that sufficient attention to their proper treatment is 
rarely taken by the average attendant. In the horse, the most 
frequent injuries are bruises resulting from falls, injuries to the 
knees, fetlocks, etc., and injuries to the feet through picked up 
nails or other sharp objects. In the hunting field, extensive 
lacerations from barbed wire, penetrating wounds from stakes or 
kicks from other horses may necessitate prompt first-aid treatment. 
In cattle, severe lacerating or penetrating wounds arise from the 
horns of other animals. In the treatment of wounds, thorough 
cleanliness is essential in order to check the invasion of micro- 
organisms which not only retard healing, but are also liable to 
leave ugly blemishes. After the hair has been carefully clipped 
around the edge of the wound and foreign particles such as fragments 
of hair and splinters of wood, etc., have been removed, the wound 
may be cleaned with cold water, and a mild antiseptic lotion 
applied. Cold water from a hose is of great value in checking 
haemorrhage and as a cleansing agent ; on the other hand, the 
bathing of a wound with warm water is to be discouraged, for the 
entrance of micro-organisms is thereby greatly facilitated. Great 
care must be exercis!^ in the choice of an antiseptic lotion, for 
strong solutions are likely to cause more harm than good by destroy- 
ing the living cells around the wound : as a general antiseptic, weak 
tincture of iodine (1 per cent, to 2J per cent.) can be recommended 
and if this is applied to a wound in the first instance, it will frequently 
be found that no further treatment will be necessary. Injuries to 
the lips, the mouth, the nostril and the tongue heal without much 
difficulty : on the other hand, punctured wounds are much to be 
feared not only on account of troublesome haemorrhage, but because 
they are often followed by dangerous sequelae such ais abscess form- 
ation, tetanus, etc. Discharging wounds require frequent attention 
for, unless the edges of the injury are kept clean, the excretion will 
dry on the hair forming a hard mass which not only retards healing 
but also attracts fiies. During treatment the animal must be 
prevented, as far as possible, from licking the wound. As a rule, 
the treatment of simple superficial injuries can be undertaken 
by the owner, but extensive wounds may require suturing in order 
to hasten healing and to avoid unsightly scar formation. A rise 
in temperature must be regarded with grave suspicion as it usually 
indicates a serious bacterial invasion of the body from the wounds. 

During the process of healing it is sometimes advisable to protect 
the injury by bandages, but, whenever possible, these should be 
avoided for, unless the wound is quite clean, fr^ drainage must 
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be encouraged. The most suitable bandages arc made of soft 
material, e.g., calico, tarJatan ; they must not be applied directly 
to the wound, but separated from it by a layer of medicated lint 
or a cotton wool pad. In wounds of the limb it is important 
to guard against restriction of the circulation by an excessively 
tight bandage. 

Injuries to the Eye. — The presence of a foreign body in the 
eye is a frequent and troublesome condition which demands im- 
mediate attention. This accident may be suspected when an 
animal shows a congestion of the conjunctiva and a running of 
tears, together with a tendency to keep the lids closed. The main 
line of treatment in these cases should be directed towards allaying 
the intense irritation which is always present ; to this end, the 
animal should be secured and a few drops of olive oil or a weak 
solution of warm boracic acid dropped on to the eyeball by means 
of a clean fountain-pen filler. The eye may then be searched for 
the offending body by twisting the head so that a good light falls 
on the eye, the eyelids being held apart by an assistant. If the 
object is of the nature of a piece of chaff, particle of dirt, etc., 
it may be gently dislodged by a camel hair brush ; if, on the other 
hand, a sharp body has become embedded in the cornea, it may 
require removal by a pair of fine forceps, but this operation should 
not be attempted by an amateur as the cornea is very delicate and 
easily injured. During the period of inflammation, the animal 
may, with advantage, be kept in a darkened stable. 

Abscess Formation. — Acute abscesses result from the bact-erial 
invasion of the tissues either through a wound, or through the 
penetration of the skin by a foreign body : these organisms multiply 
in the tissues forming toxic products which are destructive to the 
cells. The body tissues, in their turn, react to the irritant by 
extruding from the blood the so-called “ white cells ” or phagocytes, 
which engage in battle with the bacterial invaders : the pus is 
produced from broken down cells, dead bacteria and the exudate 
from the blood vessels. If the abscess is situated near a surface, 
it will finally break through and thus liberate its contents. In the 
treatment of abscesses, “ pointing ” should be encouraged by the 
application of hot fomentations. As soon as signs of softening 
are evident, and not before, it may be advisable to open the swelling 
and to evacuate its contents. The incision should be bold and 
should extend to the lowest point of the fluctuation in order to 
ensure adequate drainage, but great care must be taken to avoid 
injury to blood vessels, nerves, joints, etc. Chronic abscesses are 
frequently encountered in such diseases as Tuberculosis and 
Actinomycosis. 

Choking is a comparatively common accident, especially in the 
ruminant species in whom it frequently arises through the obstruc- 
tion of the gullet by a piece of a root or other similar object. The 
chief symptoms, which may be expected, are a cessation of feeding, 
possibly a persistent cough and signs of distress as evidenced by 
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arching of the neck and spasms of the neck muscles ; the mouth 
is kept partly open and in a few minutes there is an abundant 
flow of saliva. In the ruminant animal, choking is a serious con- 
dition on account of the liability to tympany (see Hoven), and 
prompt measures may be required in order to save the life of the 
animal. The beast should be secured and an attempt made to 
dislodge the obstruction by passing the hand to the back of the 
throat if the object is fixed in the pharynx or, if it can be seen as 
a swelling on the left side of the neck, by a gentle manipulation 
of the gullet. If these efforts fail, the animal should be offered a 
drink of water, and a gag inserted in the mouth to facilitate the 
eructation of the gases imprisoned in the rumen : in any case, no 
time should be lost in seeking professional advice. Under no 
circumstances should an attempt be made to remove the obstruction 
by an instrument on account of the danger of rupturing the oeso- 
phagus. In acute cases of tympany, it may be necessary to puncture 
the rumen in order to allow the accumulated gases to escape. 

Hoven or Tympanitis of the rumen is an acute form of indi- 
gestion in which there is a distension of the rumen by gases. As 
already mentioned, it not infrequently arises secondarily to choking, 
but it may also result from the feeding of excessive quantities of 
readily fermentable foodstuffs. The condition may become 
extremely dangerous for if relief is not promptly afforded the 
animal is likely to die from asphy^tia. Whilst awaiting the 
veterinary surgeon, a pint of linseed oil may be given and the 
measures advocated for choking may also be applied. 

Artificial Respiration may be required in cases of dro^^Tiing 
and poisoning, and in animals w'hich have been overcome by noxious 
fumes or have been choked, although occasions for the application 
of these measures arise less frequently in the lower animals than 
in the human subject. The animal should be brought into the 
open air and all restraint should be released : then, whilst an 
assistant extends the head and pulls forward the tongue, the 
operator alternately presses and releases the posterior ribs with 
the hands or the foot once every four to five seconds. After a 
few minutes, the animal is rolled on to the other side and the 
process repeated ; meanwhile, the circulation may bo stimulated by 
flicking the body with wet towels. Hope need not be relinquished 
so long as the heart beats can be felt. 

Poisons. — Cases of accidental or malicious poisoning of farm 
animals, both large and small, may demand immediate attention 
by the owner of the affected stock, who should have a general idea 
of the common poisons and their antidotal treatment. Cases of 
poisoning by minerals, due to the ingestion of preparations con- 
taining lead, arsenic, phosphorus, etc., are not infrequent, and 
usually arise from the careless disposal of sheep-dips, paint pots, 
disinfectants, weed-killer, rat poisons, etc. ; more common, perhaps 
are outbreaks of poisoning by plants either in the fresh or dried 
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state. Amongst the latter there are included certain toxic seeds 
which are sometimes incorporated in compounfl cakes, and in 
samples of grain of foreign origin. 

The symptoms of acute poisoning arc often alarniing and call 
for prompt measures in order to save the lives of the affected 
animals. In the first place immediate steps must be taken to 
ascertain, if possible, the origin and nature of the poison and to 
prevent further access to it ; then the stomach contents should be 
evacuated by means of an emetic, salt and mustard and water, 
and the effects of the poison counteracted by means of a suitable 
antidote. Demulcent fluids, such as thin oatmeal gruel or barley 
water, are of value except in the case of phosphorus poisoning. 
The following is a list of a few of the common poisons with their 
appropriate antidotes : — 


Poison. 

Mineral acids. 

Oxalates (salts of lemon). 
Caustic soda or ammonia. 
Carbolic acid. 

Load. 

Arsenic. 

Mercury. 

Phosphorus. 

Belladonna. 

Foxglove. 

Hemlock. 

Strychnine. 


Antidote. 

Bicarbonate of soda or magnesia. 

Magnesia or lirrie water. 

Vinegar. 

Glauber salts or turpentine. 

Kpsom salts or dilute sulphuric acid . 

White of egg. 

Epsom salts or olive oil. 

Charcoal or sulphate of copper. 

Stimulants such as coffee. 

Stimulants. 

Stimulants. 

Sedativo.s such as Chlorodyne or Chloroform. 


THE NATURE OF INFECTIOUS DISEASES. 

Infectious diseases arc caused by micro-organisms which are 
transmitted from affected to healthy animals in a variety of ways : 
in some cases, the infecting agent is readily passed from one animal 
to another, e.g,, in foot and mouth disease, whilst in others, the 
methods of spread are less obvious. In many cases, direct contact 
betw’^een infective and healthy animals appears to be a necessary 
factor in the maintenance of diseased conditions, but it must not 
bo forgotten that transmission by indirect means plays an even 
greater part in the dissemination of many diseases, for the various 
excretion.s and secretions are often highly infective and by con- 
taminating foodstuffs, water, clothing of attendants, etc., may be 
the means of setting up outbreaks at distant points. Some diseases 
are spread by the wind, and others by biting insects. In general, 
the contagious diseases are caused by specific luicro-organisms : 
some of these normally maintain their existence in the animal 
body and have but limited powers of multiplication or survival 
outside the body, whilst others are capable of an indej)endent 
existence in soil, manure, etc. 

Immunity. — The cells of the body possess certain powers of 
resistance w'hereby they are enabled, more or less successfully, 
to prevent the invasion of these attacking organisms. If, on 
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account of the numbers or the virulence of these bacteria, or 
through the enfeeblement of the body, this defensive mechanism 
is overcome, the animal is said to have become infected ; as a 
result, it may either succumb to the invading organism, or it may 
recover from the disease in which case it is successful in overcoming 
the bacteria, after a more or less protracted illness. As a general 
rule, when an animal has passed through an attack of this nature, 
it possesses a certain degree of resistance against re-infection ; 
it is said to liave acquired an “ active immunity.” 

In some instances it is possible to ind\jcc an artificial immunity 
of the active tyjK^ by the inoculation of an appropriate vaccine, 
e.g., anthrax, black quarter, and thus protect the animal against 
the disease in question. This acTive immunity depends upon the 
presence in the animal body of certain protective substances termed 
“ antibodies ” whicli are manufactured by the animal itself and are 
often present in the blood sc*rum. The injection of this serum 
into another animal will ])roduce a ‘‘ passive immunity ” due to 
the transference of antibodies from tlie first animal, and the use 
of such sera in conferring a pa.ssive immunity is of value in certain 
diseases, c.g., tetanus, swine erysipelas. 

Contagious Diseases. 

Anthrax, — Anthrax is an acute infection of the horse, ox, 
sheep and pig caused by a specific organism {Bacillus anthracis), 
and can arise from no other source. The disease is set up by 
the spores of this organism, either through the ingestion of con- 
taminated foodstuffs or w'ater, or through abrasions of the skin ; 
these spores are extremely resistant and may remain fully infective 
outside the animal body for many years. In certain localities, 
where the soil has become contaminated with anthrax spores, 
the disease ap^iears at regular intervals, but, in addition to this 
source of infection, the importation from foreign countries of 
infected hides or other animal products, and of artificial foods 
(linseed cake, etc.) is a not infrequent cause of many outbreaks 
in this country. The disea.se is almost invariably fatal, death 
occuring with great suddenness especially in cattle and sheep, 
and in many animals no antecedent evidence of illness may be 
noticed. For this reason, cases of abrupt death amongst farm 
stock should be regarded with the utmost suspicion, and, unless 
the cause of the death is very evident, no attempt should be made 
to move or to cut the carcass in any way until professional advice 
has been sought. In the unopened carcass, the anthrax bacillus 
is rapidly destroyed by putrefactive changes, but the free access 
of oxygen, whicli follows the opening of the body, jx?rmit8 the 
organisms to assume the resistant sporulating form ; it is therefore 
of paramount importance that the carcass should not be mutilated 
in any manner. Shed blood is a particular source of danger and 
should be carefully collected and destroyed ; moreover, great 
care should be exercised in the handling of anthrax carcasses since 
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man is susceptible to infection. In districts where continued 
losses from anthrax are experienced, the protection of susceptible 
animals by means of a preventive inoculation is often of value. 

Anthrax is a scheduled disease and any person having a diseased 
or suspected animal must notify the Local Authority of the fact. 
It is incumbent on the owner to prevent the access of animals to 
a suspected carcass, or to premises which have been exposed to 
infection ; in addition, infected buildings, fields, etc., must be 
disinfected as soon as possible, and no animal, litter or fodder may 
be moved without permission of the Inspector of the Local Authority. 
The carcass must be disposed of by the Local Authorities either 
by burning or, if this is not possible, by deep burial of at least 
six feet with one foot of quicklime above and below it. Milk from 
diseased or suspected animals must not be mixed with other milk, 
and that from affected animals must be efficiently sterilized. 

Bovine Contagious Abortion. — This disease, which is charac- 
terized by a chronic inflammation of the uterus resulting in a 
premature expulsion of the foetus usually between the fifth and 
eighth months of gestation, is produced by a specific organism 
(Bdcillus abortiLSj Bang). Although it is recognized that the causes 
of abortion are very varied, it cannot be too strongly urged that 
the contagious form of the disease, which is, unfortunately, widely 
disseminated amongst the herds of this country, occasions by far the 
greatest losses, and constitutes a menace to the dairy farmer equal 
in importance to the losses caused either by Tuberculosis or by 
Johne’s disease. The source of infection is always traceable either 
directly or indirectly, to a previous case, the disease being fre- 
quently introduced through the agency of freshly purchased animals 
from unknown sources. As a general rule, a cow which has aborted 
once is not likely to calve prematurely at subsequent pregnancies, 
but it is important to remember that such animals often become 
“ carriers,” i.e.y they harbour the organisms in their bodies for 
many years, during which period they are a potential source of 
danger, particularly at each parturition period. The aborted calf, 
the membranes and the discharges from the uterus are highly 
infective and are liable to spread the disease to neighbouring 
animals, and in particular to pregnant animals : for this reason 
it is advisable to regard any abortion as the contagious form until 
the contrary can be proved, and to take the most rigorous stops 
to prevent the spread of infection to other in-calf animals. 

Cows which have aborted or have calved before full term must 
be immediately isolated, and the attendants should be instructed 
to observe the most scrupulous care in disinfecting their boots and 
clothing. Infective material must be destroyed, particular care 
being directed towards discharges from the uterus, cleansings, etc. 
The animal should not be returned to the herd until all discharge 
from the uterus has entirely ceased. It is possible by means of a 
special test on the blood serum to determine almost with certainty 
whether an animal is affected with the contagious form of the disease . 



( tiN I'AfilOl’S -XHOKTION 


In view of the serious nature of the affection, many owner 
are desirous of maintaining an abortion-free herd. The finst .-itc) 
is to submit a sample of blood from every animal in the h«;r(i t 
the test : if this reveals that the entire herd is composed of non 
reacting animals, the utmost care should be taken to avoid the* 
introduction of the disease, and the owner cannot be too careful 
regarding additions to it, no animal being allowed to enter the hei i 
until it has been proved to be free from it. Should the test sliou 
that the disease has already established itself, two courses are opm 
to the owner depending upon the degree of infection and the exU ui 
of the accommodation. If the reactors are few in numbt^r, it is 
possible to build u]) a free herd by entirely separating the reactors 
from the non -reactors, the former being either sold or segrcgatcii 
on entirely separate premises. The buildings which are to house 
the non-reactors must be efficiently disinfected (see Disinhuition), 
and the herd must be subjected to j>erio<iic tests in order to detect 
animals which may become positive reactors subsequent to the 
previous test. 'J'he calves from the reacting animals, if separat^^d 
soon after hirtli, can be used to supplement the clean herd. Jt, 
however, the initial number of reactors is largo, or it is not possible 
to segregate^ the reactors, the owner may be compelled to maintain 
his herd as an abortion -infected unit. Under these circumstances, 
it must be reinfuu bored that the infected animals are valuable as 
they are unlikely to abort again, but that abortions may occur in 
non-reacting animals which are introduced into the herd. In 
order to guard against this accident, it may be necessary to 
inoculate all susceptible animals with an anti-abortion vaccine 
about two months before they are put to the hull. 

Ckmtagious forms of abortion also occur in the mare and in the 
sheep : in general, the preventive measure advocated for cattle 
apply also to these animals. 

By the Ejiizootic Abortion Order ( 1920 ), powers are given to 
Local Authorities to make regulations to prevent the exposure 
for sale in a market or sale-yard of any bovine animal w’hich has 
calved prematurely within the preceding two months, and to 
prohibit the sale of such an animal unless notice in writing has been 
previously given to the purchaser. 

Foot and Mouth Disease. — This acute and highly infectious 
condition attacks cattle, sheep and ]hgs, and derives its name from 
the characteristic vesicles (or blisters) which are formed on various 
parts of the body, in particular in the mouth and on the feet It 
is caused by a virus whic h is abundantly present not only in the 
lesions, but also, at certain periods, in the blood and the various 
secretions of the body, e.g., milk, urine, etc. The mortality amongst 
adult animals, especially in countries where the disease is enzootic, 
is usually comparatively Jow', although* the losses may attain seriou.s 
proportions in the otise of young stock. Apart from the actual 
death of affected animals, howev^'or, the disease is of serious impoi t 
on account of its proclivity for rapid spread, and also on account 
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of the great economic losses which it causes through diminished 
milk secretion and severe loss in condition of fat stock. In this 
country, the most rigoious measures are directed against the intro 
duction of the disease from outside sources, and the prevention 
of i.ts spread in the event of the disease gaining a foothold. It is 
often a matter of considerable difficulty to trace the source of 
infection in these outbreaks which, in s])ite of all precautions, 
occur from time to time : it is kno\^Ti, however, that under certain 
conditions, the virus is capable of maintaining its vitality over 
considerable periods of time. The importation from countries in 
which the disease exists, of hides, packing material and foodstuffs 
which have been in contact with affected animals, or of the carcasses 
of diseased animals, have frequently been the agents whereby the 
disease has been introduced into tliis country. Once the disease 
has establishea itself, it is prone to spread with great rapidity, 
either through the immediate contact of diseased with healthy 
animals, or by mediate methods through the contamination of the 
person or the clothing of attendants, foodstuffs, buildings, markets, 
railway trucks, etc., with discharges from the lesions. It is 
important to bear in mind that during the febrile reaction which 
precedes the appearance of visible lesions, the affe(;ted animals 
are highly infectious, and thus the disease niay become well 
established before its true nature is rt‘alized. The chief symptoms 
of the condition are a marked depression accom[)anied by a rapid 
rise in temperature, followed by a profuse salivation coincident 
with the formation of tlie vesicles. In sheep and pig«, foot lesions 
are more common, and the sudden occurrence of lameness amongst 
a number of animals should be regarded witli suspicion. It is 
incumbent upon an owner, in the interests of himself and his 
neighbours, to be on his guard and to seek advice without delay. 

The disease is scheduled under the Diseases of Animals Acts 
and outbreaks must be instantly reported to the Local Authorities. 
Immediate steps are taken to prevent the sjiread of the disease by 
prohibiting all movement to and from infected premises, except 
under licence, and b}^ the slaughter of all affci led or in contact 
animals : in addition, a thorough* disinfection of the premises is 
enforced, including disinfection of j^ersons leaving the farm, and 
a “ stand still order ” is imposed upon an area with a radius of 
about fifteen miles around the infected premises. 

Tuberculosis i.s a contagious disease affecting various domestic 
animals caused by a specific organism (Bacillus of Tuberculosis or 
Koch’s bacillus). Unfortunately, in this country, as in many 
others, the disease is widespread amongst cattle, and is responsible 
for enormous losses to the stock owner. It has been estimated 
that between 30 and 40 per cent, of dairy cattle are infected, and 
in some herds the proportion is considerably higher ; in the beef 
breeds, on the other hand, the disease rarely exceeds 10 per cent. 
The relatively high incideni of the disease in housed animals is 
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undoubtedly dej^ndent upon the close co-habitation of dairy caf tie, 
and to then greater len^h of life which favours the chancch of 
exposure to infection. In the majoiity of animals, the disease 
is essentially chronic in nature and is therefore most insidious ; 
moreover, even in the acute stages, the symptoms are often obscure 
to any but a trained observer. The disease may be suspected in 
animals which show a jjersistent loss in condition especially if this 
is accompanied by a chronic cough or by indurative changes in 
the udder. The tubercle bacilli are discharged by way of the 
expectorate, the fajces and the urine, and also through the milk. 
Transference of the disease from affected to healthy animals takes 
place through the inhalation of air which is laden with infective 
particles of sjuiturn from a case of open tuberculosis of the lungs, 
or by the higestion of contaminated foodstuffs and water. The 
spread of the disease is also facilitated by badly ventilated and ill- 
kept buildings, and hy the neglect of simple measures of disinfection. 
Infection in young calves almost invariably results from the feeding 
of raw milk from tuberculous cows. The disease occasional!}’ 
occurs in the horse, and is by no means uncommon in the pig and 
the fowl. Amongst poultry, the organisms are passed from bird to 
bird by means of infected droppings. In the pig, infection may 
arise from two sources ; in many cases these animals are infected 
with the bovine type of the organisms through the incorporation 
in the food of unboiled milk from tuberculous cattle, whilst a 
proportion of yiigs suffer from the avian type of the disease through 
contact with tuberculous poultry. 

Since tuberculosis is a disease which results largely from close 
confinement, it is advisable to keep animals in the open air as far 
as is practicable, wlulst byres and cowsheds should be well ventilated 
and frequently cleansed with# a suitable disinfectant solution (see 
Disinfection). 

In v’iew of the serious economic losses which are sustained 
through the disease an owner may desire to attempt the building 
up and the maintenance of a tubercle-free herd : this is not a task 
which can be lightly undertaken, but its feasibility has been proved 
both in this and in other countries. The first step comprises the 
application of the tuberculin test (a method of detecting tuberculous 
animals) to the whole herd in order to pick out the affected beasts. 
Those which react must be either entirely eliminated, or else 
segregated on separate premises ^ith separate attendants, whilst 
the unaffected arfiraals are housed in adequately disinfected 
buildings. The clean herd must be subjected to a tuberculin test 
at least once every six months so that any animals which have 
subsequently become infected, may be detected in the early stages 
of the disease and eliminated before they can contaminate the 
non-infected animals. The herd can be supplemented by the addi- 
tion of calves from both non -reacting and reacting mothers, but, 
m the latter case, these calves must be segregated at birth and reared 
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cither on milk from the non-reactors, or on pasteurized milk. 
Freshly purchased animals should not bo directly introduced into 
the herd, but should be isolated until they have been tested. 

The Tuberculosis Order (1925) aims at the suppression of clinical 
cases of tuberculosis. Under the provisions of this Order, a person 
having a bovine animal which is suffering from tuberculous 
emaciation or froni chronic cough, or showing clinical symptoms 
of tuberculosis of the udder, is responsible for the notification of 
the case to an officer of the Local Authority. Such an animal 
must be .slanghterocl, the owner receiving compensation. Powers 
arc also conferred on Local Authorities for the procuration and 
examination of milk samples with a view to the detection of 
tui)ercnlous milks 

Jouke’s Disease is a ehroniii maladj^ characterized by a gradual 
loss in eondition usually accompanied by a profuse and persistent 
clianhaa. The disease is almost entirely confined to cattle, 
aithougl), on rare occasions, cases liave been reported in the sheep 
and the goat The cause of the disease is a micro-organism (Bacillus 
of Johne) which, in some respects, resembles the tubercle bacillus 
although the diseases liave no other feature in common ; in fact 
the two may exist side by side in the one animal. The lesions 
are confined to the intestinc.s and to the adjacent lymph glands, 
whilst a frequent and striking post-mortem feature is a very 
charaetcj'istjc tliickening and corrugation of the intestines. The 
organisms are passed out in the fjci'cs and, since they possess 
considerable povsers of resistance, may remain alive for lengthy 
periods out.side the animal body. Infection takes place through 
the ingestion of contaminate d foodstuffs, water, etc. 

In view of the insidiou.s nature and slow jjjTcad of the disease, 
and the lack of effica'ent means of treatment, it cannot be too strongly 
urged that the must stringent preventive measun^s are justifiable : 
they iucliule the (l(*st nictiuri of clinically affected animals and the 
isol.itjn/i of tho^e which are under suspicion. Special attention 
should )h p.ii«! to r..ritaminated pa.stures, and to ponds w’hich are 
a frequent sourer- uf infection to clean stock. The droppings should 
be s]>iead ovfM' the land and tlien ploughed in, whilst ih^ pastures 
may ]>e tjf\'iU'd with <{nieklirae : a thorough disinfection of the 
buildings a nd yards also of the utmost importance. The deteetion 
of early ca.ies of t/ie disease i.s faeilitatcri by the ayiplieation of a 
sjieeial fed simila- U) the tuberculin test. 

SwjNf. Krvsip):! A.s, an infectious disease of pigs caused by a 
specitic (trgauism (Bacillus of Swine Erysipelas), is widespread m 
(irtiat Britain, and is sometimes responsible for gicater losses than 
the otlu r important swine disease, namely Swine PY'ver. The 
disease, which attacks pigs of all ages, is characterized by a high 
fever and the production of jieculiar purplish discolorations of the 
skin from wiiicli the disease derives its name. The mortality varies 
camsiderably, fur m some outbreaks it may be as high as 90 per 
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cent., whilst iu others the losses may not exceed 5 j>er cent. An 
acute and a chronic form of the disease are recognized ; in the 
former the symptoms develop rapidly and death often ensues 
through the invasion of the blood stream by the orgariisms, Iq 
these outbjeaks, the disease is readily transmitted from one ariimal 
to another by the excretions of affect^ul pigs The clironio form 
in vvliich the symptoms are mild and recovery is the rule, is most 
insidious because these recovered pigs, by harbouring the orgaT.isms 
in their bodies, are a fruitful source of the maintenance and dissem- 
ination of the condition. Outbreaks are especially liable to occur 
in hot, dry weather, presumable because these conditions favoin 
the survival and spread of the organisms. 

Frev’entivc measures compri.se the strict isolation of iTif^cted 
pigs and the destruction of contaminated materia! T i this or n 
nection, it must be pointed out that the organism seems to f>e 
capable of a jirolonged existence in manure heay^s vwnch are 
frequcntl}’^ responsible for fresh outbreaks ; it is also a wise pre- 
cautiem to segregate freshly purchased animals for three to four 
weeks. In districts where the disease is enzootic pigs mav be 
rendered immune by the application of certain methods of yirevi iitn e 
inoculation ; in addition, the inoculation of affected aniiii ; .s '.vitn 
a speeitic serum in the early stages of the disease will griverally 
bring about a recovery. 

SwiNK Fever. — The pig the only animal which is susrey*td>! 
to this liighly infectious condition wliitdi may be regarde- 
epizootic in this country. The di.sease i.s caused by a virus. Mid 
is characterized by a febrile reaction accompanied by a geneir, I 
depre.ssion, cayiricious apjietite, loss in condition anfl diarriicca. 
In young pigs, the di.'^ease frequently occurs in an acute and fna' 
form, wherea.s in older animals it shows u tendency to assuin« 
more chronic a.spect : the mortality varies from o jyer c( rit or 
les.s in mild outbreaks uyi to 70 to 90 |)er cent, in the seveo^f ■ !jt- 
breaks. Although the disea.so can oftoi be recognized, esp<\ ualf' 
in the more clironic cases, by the apjiearance in the intestin' ■ • 

affecteil pigs c^f tlie highly characteristic ' button ulcers.” it n,u^ 
be rernemberod that in the acute cases, these topical ulcers an 
often hulking : in consequence, the acute diagnosis of the 
i.s not ea.sy and must rest in tlie hands of the trained ex[>ert. Since 
the disease is extremely contagious, infection is readily transmitted, 
either direetly or indirectly, from affected to healthy aaiiual'^ 
As in the ease of foot aiul moiilh di.sease, to which in the matter 
of its spread, it bears a close resemblance, the virus is easii . 
disseminated by labourers, dealers and other yiersons whose habit 
menta may have become contaminated with infective material 
The “ carrier ” pig presents a difficult problem in schemes which 
aim at the eradication of the disease, for animals w'hich have sur- 
vived a previous attack and have apparently made a complete 
recovery may yet harbour the virus in their bodies, and thus 
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introduce the disease if brought into rontat i with «U8ci*ptil i ^ 
pigs ; an unthrifty appearance j« often aaaociated with this rhrru 
iorm oi swine fever. 

Virith a view to preventing the introduction of the diseaKf* 
brewers should, as far as possible, rely on pigs of their own hreedi/i^^ 
for the maintenance of their stock ; should it be necessary to 
purchase animals from outside sources, it is advisable to isolate 
them for about a month after an outbreak ; the methods of dis- 
infection should follow the lines laid down for foot and mouth 
disease. 

In this country, swine fever is a scheduled disease and must 
be reported to the Local Authorities. Infected premises are put 
under a Detention Order, whilst carcasses or portions thereof may 
not be removed except by permission of a responsible officer. 
Kegulations are also laid down for the disinfection of premises, 
the disposal of carcasses and the movement of in-contact animals. 

Tetanus (Lockjaw). — This disease, which is caused by a 
specific organism {Bacillus ietani), owes its name to one prominent 
symptom, t.e., an inability to open the jaws ; nevertheless, it must 
be remembered that many cases of tetanus fail to show this 
characteristic symptom. The condition is frequently encountered 
in the horse, but may also occur occasionally in calves and lambs. 
The organism is a normal inhabitant of the soil, more particularly 
of soil which has been contaminated with horse manure. The 
disease almost invariably follows the introduction into a wound, 
especially a punctured wound, of the tetanus bacillus or its spore ; 
hence, tetanus is very liable to follow picked up nails, pricks in 
the feet and injuries in the hunting field. In the foal and other 
young animals, the disease is not an uncommon complication of 
the operations of castration and docking. The mortality, especially 
in young animals, is very high. 

In all cases of open wounds, particularly the wounds of castra- 
tion and shearing, every endeavour should be made to avoid 
contamination with soil. As soon as symptoms appear, a search 
should be made for a wound which is likely to harbour the organisms, 
and this must be freely opened and disinfected. In the case of a 
picked up nail or other injury of this nature in the horse, it may 
be advisable to seek professional aid with a view to the preventive 
inoculation of anti-tetanic serum which, if administered in time, 
will prevent the development of the disease. 

Black Quaeter. (Quarter-ill). — This malady, which has some 
clinical resemblance to anthrax, is caustxl by a specific micro- 
organism (Bacillus chauvai) which also has its habitat in the soil ; 
uidike the tetanus bacillus (see Tetanus), however, which is found 
in all localities, black quarter is confined to definite districts and 
farms. Cattle and sheep alone are susceptible to the disease which 
may arise either through the introduction of the spores of the 
organism into abrasions on the legs or feet, or through infection 
by way of the digestive tract. The most striking symptom of the 
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disease is the development of the so-called black quarter tumours ” 
in certain groups of muscles which become dark in colour and 
gaseous, causing a peculiar crackling of the skin when the hand 
is passed over the affected region. The mortality is high and 
curative measures are practically useless. 

In the event of a single case of the disease, the most rigorous 
disinfection may prevent further trouble, and the measures which 
have been considered under the heading of Anthra^^ for the disposal 
of carcasses and disinfection of premises, apply equally well to 
black quarter. In localities where the disease is enzootic, the soil 
should Ixi ploughed up, or else cattle and sheep should be debarred 
from the affected pastures. In these black quarter districts, the 
young stock can l)e rendered immune to the disease by one of the 
methods of protective inoculation, and in badly affected areas this 
is carried out as a routine measure. 

Actinomycosis (Lumpy Jaw) and Actinobacillosis (Wooden 
Tongue) are two diseases which are often confused ; they are 
chronic infections, but not obviously contagious, affections which 
are seen chiefly in cattle, although occasional cases are encountered 
in the sheep and the pig. These diseases occur with greater fre- 
quency on low lying damp pastures than on higher, well drained 
land. Cattle are liable to contract infection through eating con- 
taminated awns which may injure various parts of the tongue and 
the mouth ; the |)eriod of the eruption of the teeth also facilitates 
the entrance of the organisms. The disease is characterized by 
the appearance of a diffuse thickening of the tongue, or of dense 
swellings situated in the neighbourhood of the bones of the jaw, 
or in the adjacent lymphatic glands : these indurated swellings, 
which may attain a considerable size, are often the seat of sup- 
purative changes. Lesions are occasionally found in other paii» 
of the body such as the lungs, the liver and the udder. The disease 
always runs a chronic course extending into months or even years. 
In some cases, early treatment by means of the internal adminis- 
tration of potassium iodide will bring about a recovery, but in 
advanceil cases, except for a valuable animal, a prolonged course 
of treatment is rarely an economic proposition. Although the 
disease is generally regarded os non-contagious, it is advisable to 
isolate any infected animal which shows discharging lesions. 

Joint-Ill is an affection of the newly-born animal, chiefly 
the foal, the calf and the lamb, characterized by a swelling of 
various joints and usually associated with an abscess formation 
at the navel. In most outbreaks infection arises through the 
contamination of the umbilicus with various soil organisms which 
multiply there and later invade other parts of the body. Affected 
animals show symptoms of systemic disturbances t^ether with 
hot, painful swellings of the joints. The mortality is usually about 
50 per cent., whilst recovered animals are so unthrifty that curative 
measures are rarely worthy of consideration. An important 
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contributory factor to the maintenance and spread of the disease 
)s the continued use of the same buildings for successive parturitions 
without adequate disinfection. 

On premises where the disease occurs with regularity, it is 
advisable to allow parturition to take place in the 0|)en : if this 
IS not feasible, then the most scrupulous attention must be paid 
to the disinfection of boxes and pens. The application of a mild 
antiseptic lotion to the umbilicus at the time of birth is a valuable 
aid to the prevention of infection ; the navel cord may lx:* tied 
with antiseptic tape and the stump treated with tincture of iodine. 

White Scour of young stock is a form of acute enteritis 
< liaractcrized by a ]:)ersistent diarrhoea, which may be complicated 
oy pneumonia and abscess formation in different organs of the 
body. As in the case of joint-ill, the disease often arises from a 
ruivcl infection, but it may also spread from animal to animal 
througii the ingestion of contaminated food-stutTs. The preventive 
measures suggested for joint-ill are also applicable to this condition. 

METHODS OF DISINFECTION 

Since diseases are readily spread fr<.)m infected to susceptible 
animals by close contact, it follows that in any infectious disease, 
separation of the healthy stock from the infected or suspected 
nniiiials is a very necessary prelinunary step ; unfortunately, this 
does not necessarily remove all danger of jnf(‘cfion, since many 
of the disease-producing organisms are possessed of (‘onsiderable 
powers of resistance outside the animal body, and, unless they 
are destroyed, may set up fresh r*ases. Disinfection is a process 
witli aims at the destruction of tliese micro-organisms, but it is 
to be feared tliat th(^ principles governing thorough disinfection 
are often ini])erfectly understood. 

The methods which may be ado{)ted for the disinft^ction of a 
building will depend to some extent upon the tyi>e of building 
which is to be treated. A modern construction with impervious 
fl(K)rs and simple fittings is relatively easy to free from infection, 
where.'n: the thorough disinfection of an ill-constructed stable or 
f house is no easy ta.sk. In the first place, all litter and dirt 
shoulfl be collected and burnt, especial attention being paid to 
craek.s and crevices where micro-organisms might rest. The w'alls 
should then be scrubbed with iiot soda solution, and any part of 
the buildings which are composed of impervious material, e.g., 
concrete or brick, treated with a disinfectant solution. Lysol or 
Jeyes' fluid in a 2 per cent, solution are very reliable ; chloride 
of lime is also a cheap and efficient disinfectant used in the pro- 
portion of one pouiici to two gjillons of w^atcr. Lime wash, a 
po])ular and widely used mixture, is distitietly uncertain in its 
action and should be reinforecHl l)y the addition of a disinfectant 
of known poUmey, e.g., cailiolic acid, lysol. In the case of wood- 
work’** the btow^-lamp is njidoubtedly the most effective form of 
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(liairifection especially where the boards do not fit closely and 
cracks are formed which cannot be reached by liipiid d sinfectants. 

Tf, owing to the nature of the construction of the building, 
the above-mentioned methods cannot l)c applied, it may be 
necessary to resort to fumigation. In order that this method 
shall be efficiiMit, the building must l)e rendered air-tight by 
blocking up ©very door, window and crevice which might enable 
the gas to eseap(*. There is a wide range r f gases wdiioh may be 
used, hut sulpliurous acid or formaldehyde are probably as efficient 
as any of the more expensive preparatioiw. The building should 
be kept closed for twenty-four hours after the lil)eration of the 
gas. Direct sunlight has a |X)werful germicidal action. In 
addition to the disinfection of buildings, it is also necessary to 
])ay attention to th<‘ utensils, grooming kit, harness and any 
moveable fittings ; moreover, the yards and pa.stures must not be 
neglected. Linder ti\e Diseases of Animals Disinfection Order of 
1906, the following disinfectant solutions are recommended : 

(а) A 1 per cent, (minimum) solution of chloride of lime 
containing not less than 3 per cent, available chlorine ; or 

(б) A 5 per cent, (jnininium) solution of carbolic acid con- 
taining not less than 95 ]X‘r cent, actual carbolic acid, followed 
by a thorough sf)rinkling with lime-wash ; or 

(c) A (lisiiifectant (‘([ual in efficiency to the above-mentioned 
solution of carbolic acid. 

DISEASES OF ANIMALS ACTS 

In this country' the control of certain contagious diseases is 
goveriunl bv the Diseases of Animals Acts, wliich are adraiiiistesred 
by the Ministry of Agriculture and Fisheries and Ix)cal Authorities, 
and under which the following diseases are scheduled : — Anthrax, 
(lattle Plague (Kinderpest), F\)Ot and Mouth Disease, (Handers, 
Epizootic Ijyinphangitis, Para.sitic Mange of the Horse, Contagious 
Pleuro-Pneumonia of Cattle, Rabies, Sheep-pox, Sheep Scab and 
Swine Fever. Epizootic Abortion of Cattle and Bovine Tubercu- 
losis are subject to certain s|Xicialized forms of control. These 
Acts have been framed witli the ultimate object of the eradication 
of these diseases ; in soim^ cases, notably in Cattle Plague, Pleuro- 
pneumonia, Sheep-pox, Rabies, Epizootic Lymphangitis and 
(Handers, this object has been accomplished for these diseases 
have been eorayiletely eradicated. Under these Acts, the notifi- 
cation of scheduled diseases is compulsory, and the onus of 
reporting a susj^ected case rests, in the first place, upon the owner : 
failure to give ])roinpt notilicatioii renders the person in question 
liable to a heavy fine. If there are the slightest grrunus for 
suspicion that a notifiable disease is in e.xistc'nce, the owner, in his 
own interests, sliould consult a practitioner without deday. In 
addition to notification, the general legulations provide for the 
separation of diseased from healthy animals, the provision of 
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f&cilities for cleansing and disinfection, the prohibition of exfyosnre 
of diseased animals, the digging up of carcasses, etc. full details 
are supplied in the Handbook on the Diseases of Animals Acts. 
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CHAPTER XXV I II. 

INSECTS. 

ZooLtXJiSTS recognisi*, among Invertebrate animals, an immense 
group known as the Arthropoda, characterised by having their hard 
parts, to w'hicli the muscles are attached, almost entirely external. 
This hard integument, composed of a s|)eoial horny substance called 
chitin, necessitates the ])resence of joints, and the body and limbs 
are therefore divided into segments articulating with one another. 
The name Arthro])oda means the animals with jointed limbs. 

One great section of the Arthro])oda — the (Tiistacea (crabs, 
lobsters, shrimjis, etc.) — are water animals, bieathing by gills, and 
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MiLLlPiiDES (Myriapoda.) 1 7 various spocioK of. 

of no importance to the agriculturist. One single example — the 
wood-louse — has taken to life on land, and is to be found everywhere, 
sometimes doing considerable harm, especially under glass. 

Of the air-breathing Arthropoda, three groups claim our attention 
— Myriapoda, Arachnida and Insecta. The Myriapoda are the 
centipedes and millipedes, characterised by the possession of a large 
number of legs all through their lives. The centipedes are generally 
flat-bodied, have poison fangs just behind the head, and never have 
more than one pair of legs to a segment. They are carnivorous and 
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therefore to some extent beneficial to the farmer, since they prey 
upon insects. The millipedes are generally more cylindrical, with- 
out poison fangs, and many of their segments bear two pairs of legs. 
They are vegetarians, and some species are highly injurious to 
seedlings and to stored roots. (Fig. 122.) 

The Arachnida comprise the scorpions, spiders, mites and many 
less familiar animals. They are never winged, and are typically 
eight-legged when mature. The only group of agricultural import- 
ance is that of the mites, some of which (e.cj. red spider and gall-mites) 
do much harm to crops, while others (itch-mites and ticks) infest 
domestic animals. 

The Insecta are the largest group of the Arthropoda. They are 
the only invertebrates that ever have wings, so that the possession 
of wings is alone sufficient to identify any given example as an insect. 

Very many insects, however, never develop wings, so that other 
characteristics have to be looked for, and the most obvious is the 
possession of six legs when mature. Other peculiarities may be 
gathered from the following brief description of the external structure 
of an insect. 


EXTERNAL AND INTERNAL STRUCTURE 

The body of an insect consists of three regions, head, thorax and 
abdomen. Each region consists of a certain number of segments, 
more or less fused together. Research has shown that the head is 
really formed by the fusion of six segments, but it now appears as 
a single mass. Tlie thorax consists of three segments, sometimes 
obvious (e.g. the cockroach) but sometimes entirely fused (e.g. the 
house-fly). Each of these segments bears a pair of legs, and the 
second and third segments may bear wings. The abdomen theoreti- 
cally consists of twelve segments, though the visible segments are 
often much fewer in number. There are no legs on the abdomen 
but a|)pendages called cerci may be seen proceeding from the 
posterior end in some insects. 

The whole body is c'overed by chitin, but to admit of movement 
this must be thin and flexible in parts, so we find that there are a 
series of dorsal plates (fer^a) and ventral plates (sterna) of stouter 
chitin connected to one another at the sides and in succession along 
the body by intervals of thin flexible chitin. 

The he^ bears the antennae, the eyes and the mouth-parts. 

The antennae or feelers are of very varied design. The character- 
istic eyes of the imago are compound, consisting of a number — often 
very large — of facets, each of which is a complete eye element in 
itself. There may also l>e a few simjde eyes or ocelli. The larvae 
never have compound e^yes, but they sometimes posse \8 ocelli. 
Insects difler very much in the nature of the mouth apparatus, some 
obtaining their food by suction, others by biting, but there is reason 
to believe that the biting mouth has given rise to all the other forms 
by modification of its different elements, so that it is important that 
its nature should be clearly understood. 
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There is a simple upper lip (labrum), and a complex under lip 
(Labium), between which two pairs of jaws work horizontally, and not 
vertically. These are the mandibles or biting jaws, and the maxillce, 
whose function is to test the food and push it in for the mandibles 
to crush. In such insects as the cockroach it is easily seen that the 
labium is really formed of a pair of organs very like tlie maxilla^ fused 
together, and indeed the labinrn is sometimes called the second 
maxillce. 

The segments of the thorax are known as ilie pro thorax, the 
meso-tliorax and tlie meta-thorax, and eaeli Ikmis a })air of legs. 
Each leg consists of five portions, the coxa which attaches it to the 
thorax, a small joint called the trochanter, then the femur or thigh, 
the tibia or shank and finally tlie tarsus or foot , whic*h consists of two 
to five joints and generally terminates in a pair of claws. "The wings 
are membranous out growths from the meso- and rneta tliorax and 
are generally strengthened by veins or ncrvures. 

It is unnecessary here to discuss in detail the inb?rna] organs of an 
insect, and most of them wdll be dealt with very briefly. It is note- 
worthy that their general arrangement is just the reverse of wduit is 
found in vertebrate animals. The heart, for example ^ is a tube of 
several chaml)ers lying quite dorsally, wdiiie the nervous chain is for 
the most part ventral, the alimentary canal lying l>etween them. The 
only part of the nerve chain lying dorsal to alimentary canal is the 
“brain” in the head, and from this two go round the 

gullet to unite again in a chain of nerve-knots or yanglia in the thorax 
and abdomen. 

It is important, how'ever, tliat the breathing apparatus sliould be 
clearly understood. Vertebrate animals have definite organs — lungs 
or gills — to which both air and blood are admitted, and in which an 
exchange of oxygen and carbon-dioxide can take place. There is no 
such organ in insects (except in the larvae of aquatic forms), but by 
a system of tubes called traeJme air has access to every part of the 
body, and the exchange takes place in the tissues tliemscives. The 
main trunks of these trachea* communicate w ith the exterior by pores 
called spiracles, capable of being opened or closed, and these pore.s are 
generally situated at the sides of the insects. In some larvae, such as 
caterpillars, they are often consjmmous along the sides, while 
dipterous maggots possess a jiosterior pair of spiracles which are 
easily seen. Thus the breathing system is quite separate from the 
alimentary canal. Many insects produce sounds but never, as in 
vertebrates, by air proceeding from the mouth —since insects breathe 
though their sides. In their case sound is produced by scraping or 
“ striduiation,” and the stridulatory apparatus is very varied in 
difiereiit insects . 

On dis.secting an insect the tracheie may be seen laiiidying to all 
parts of the body and the air they contain gives them a silvery 
appearance. High magnification shews that they contain a spiral 
filament of chitin which helps to keep them diotended, just like the 
spiral coil of wire in a hose-pipe. 
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MOULTING AND METAMORPHOSIS. 

We have seen that insects, with the rest of the Artluopoda, are 
covered by a chitinous exoskeleton. Chitin is incapable of rapid 
growth, and does not stretch easily. It follows that if the young 
insect is to make any considerable increase in size it must cast its 
chitinous skin at intervals and form a new one. This operation of 
moulting or “ ecdysis ” is performed by all insects during their period 
of growth. It is not unattended with danger, for limbs are sometimes 
lost in the process, and until the new chitin has hardened the insect is 
especially vulnerable. When about to moult, therefore, an insect 
generally seeks some natural shelter, or covers itself with a cocoon. 

Tso insects emerge from the egg in ])recj.scjv their final form. 
Wings, for instance, show no sign of appearing till the last moult but 
one, and are not fully forineil till tlie last moult, and it is then only 
that the insect becomes s<‘xually mature. Some uisc^cts exhibit 
little change of appc'arance or habit after each moult — at all events 
until the final ecdysis wlien the wings appear. An earwig, for 
example, is recognisable as an earwig when it hatches from the egg. 
Other insects present an entirely different appearance after certain of 
their moults, as in the familiar case of the butterfly. From the egg 
hatches out a caterpillar, which, after several moults, changes to a 
chrysalis, from which presently emerges the butterfly, the different 
stages Ijeing quite unlike each other. These changes are summed up 
in the term metamorphosis. In insects like the earu ig, where the 
changes are slight, metamorphosis is said to be incomplete ; in insects 
like the butterfly, wliere the changes are abrupt and striking, it is 
said to be complete. Whatever the degree of metamorphosis it is 
usual to recognise four stages in the development of an insect — egg, 
larva, pupa and imago. The larva is very frequently some sort of 
grub, but may, as we have seen, be like a small edition of the mature 
insect. The pupa is often a resting stage (e.g. a chrysalis), but in 
insects with incomplete metamorphosis it is active, and generally 
shows the beginning of wings. Such an active pupa is often caffed a 
nymph. The imago is the sexually-mature insect, and the wings, if 
it is to possess any, are now complete. No further growth takes 
place — small flies do not become big flies. 

The sort of entomological knowledge useful to an agriculturist 
is of rather a sj>ecial nature, and differs widely from that possessed by 
the average collector of beetles or butterflies. Injury is more often 
done by the larvae than by the mature insects, and therefore a study 
of larval forms is highly important. A student should be able to 
recognize a larva not only as belonging to a particular order of 
insects, but, in many cases, to a special group within that order. 
Until he can do this, the various books on pests and how to deal w ith 
them are of little use to him. If he recognises the larva as that of a 
sawily, it is easy to discover the species of sawffy known to attack 
that crop and to find out what measures are recommended against it. 
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Fortunately many comparatively small groups of insects have very 
characteristic larvae, and one soon becomes familiar with them. 

IMPORTANCE IN NATURE 

Notwithstanding their insignificant size, insects are of vast 
imj>ortance in the economy of nature. This is mainly due to their 
immense numbers, \ and the rapidity of their increase. About 
450,000 different kinds of insects are already known, and their 
number is being constantly added to. Then the individuals of a 
single species may on occasion become so numerous as to defy 
calculation, as in the case of a swarm of locusts, or an aphis attack. 
In wild nature they are the great scavengers, quickly disintegrating 
dead animals and fallen trees ; they cross-fertilize entomophilous 
flowers ; some devour the tissues of plants and others prey upon these 
marauders, so that a general balance is struck, seldom disturbed by 
the preponderance of any one species. 

Now the operations of civilized man entirely upset this general 
balance of nature. When, for example, he devotes thousands of 
acres to the growth of a single plant the insects which live on that 
plant, and^ which could only just maintain themselves in a mixed 
vegetation, naturally tend to increase beyond all measure, and it 
becomes necessary to take steps to counteract their activities. 

In civilization man is affected by the insect world in a variety of 
ways, some beneficial, and some highly injurious. It is common 
knowledge that several commodities — silk, honey, wax, cochineal, 
shellac, etc. — are obtained directly from insects. Then the function 
of cross-fertilizing flowers remains of the highest importance, many of 
his crops being entirely dependent on the visitations of insects. 
Moreover, he naturally regards as beneficial the parasitic or 
predaceous insects which prey upon those which do him injury. 

But attention is more often attracted to insects by their injurious 
activities. There are serious insect- borne diseases contracted by 
man himself — malaria carried by mosquitoes, plague by fleas, 
sleeping sickness by tsetse flies, and many others. Some (warble-fly, 
sheep maggot, etc.) directly attack domestic animals, and others 
infect them with blood parasites. Every kind of crop is subject to 
attack by insects which tend to increase the more extensively the 
crop is grown, and many are the ways in which injury is inflicted. 
The germinating seeds may be devoured and the whole crop 
destroyed at the outset or destruction may occur at a later stage 
by the ravages of caterpillars. Many insects inflict fatal injury by 
extracting the sap and causing the plant to wilt without any direct 
destruction of tissue. Then again there are a Iiost of insects which, 
though not fatal to a crop, do great harm by decreasing the yield or 
diminishing the market value of the produce. In this category we 
may place such pests as the clover seed weevil and the Capsid bug 
of the apple. Finally, stored products are subject to insect attack ; 
roots in the clamp or cereals in the bin. 
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GENERAL PRINCIPLES OF TREATMENT. 

Some insect pests are general feeders (pol 3 rphagou 8 ), showing 
little partiality for any particular crop. Others (monophagous) are 
only attracted by one crop or at all events by a few crops which are 
closely allied. The former are the most difficult to deal with, for the 
latter, the monophagous pests, may be partly counteracted by a 
proper rotation of crops. If no crop to their taste is grown the 
following year on the same ground or its immediate neighbourhood 
they are starved out. Some crops are so remunerative that the 
farmer will continue to grow them in spite of the pests which are 
thereby encouraged, and he then has to take special measures to 
counteract their attack. 

Rotation, then, is of primary importance in the c.a8e of many 
injurious insects. Other measures to restrict their operations fall 
chiefly under three heads: — (1) Hi<llogical control; (2) Cultural 
methods ; (3) Insecticides. 

Biological Control. 

We have seen that in wild nature parasitic and predacious insects 
more or less control the abundance of injurious insects and establish 
a balance so that no form predominates. When this balance is dis- 
turbed by the cultivation of crops it is still sometimes possible, by the 
special encouragement of useful insects, birds and mammals, to call 
in the aid of this “ biological control.” It is customary, for example 
in forestry, to provide nesting boxes for tits and other insectivorous 
birds. With regard to parasitic and predaceous insects the case is 
less simple w'here well established j^ests are concerned, because if the 
control insects are not there they are not likely to be anywhere else. 
Nevertheless we often notice that a pest, after occuring with increas- 
ing virulence for a few years, suddenly disappears, because its 
parasites have increased even more rapidly. The oak tortrix moth 
is a good example. 

But it is in the case of introduced insect pests that biological 
control may be called in with extraordinary effect, as may be best 
explained by citing a classical example. In 1880 the orange and 
citrus ranches of California were threatened with utter destruction by 
the depredations of a scale insect, Icerya purchasi. It was found that 
the scale insect was a native of Australia, where it was not greatly 
destructive, being more or less kept in order by a variety of 
predaceous insects — notably by a lady- bird beetle, Novius cardinalia. 
The lady-bird was obtained from Australia and established in the 
Californian ranches, where it speedily cleared out the scale and then 
died of starvation. It is important to realize exactly what had 
happened. The scale, introduced into a country where its food was 
abundant and its natural enemies non-existent, increased out of all 
measure. But the same was also true of the lady-bird, which doubt- 
less left behind it various enemies in Australia and found any amount 
of scale on which to feed — at least for a time. 
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It is clear, then, that the introduction of predaceous or parasitic 
insects obtained from the country of origin of an introduced pest may 
be of extreme utility, but a warning must be given against the uncon- 
sidered introduction of any animal into a new country, as the results 
of such introduction have in many cases proved disastrous, often on 
account of a change of habit on the part of the creature introduced. 
Among insects there are, at all events, tv'o groups which it is fairly 
safe to utilize in this manner ; lady-birds and ichneumon flies. Pests 
are constantly being introduced into our Colonies and Dominions, 
and in such cases it is the regular procedure now-a-days to seek the 
natural enemies of the pest in its country of origin and transport them 
to the newly infested district. The Imperial Institute of Entomology 
has recently established at Farnham Royal a Parasite laboratory for 
the sole object of breeding out the enemies of various insect pests and 
supplying them to those Colonies in which the pests have obtained 
a footing. 

Cultural methods. 

These an' chiefly directed towards tiie ])revention of the recurrence 
of an attack, and rotation of crops is by far the most important. 
Other cultural methods follow naturally from long farming experience 
or from facts observed in the life-history of a pai ticular pest. This 
may best be illustrated by the citation of a few examjfles. 

It is the common experience that crops i>own on broken up grass 
land are subject to severe attacks of “ wirt' worm ” and “leather- 
jacket.” It is therefore unwise in such cin u instances to attempt to 
take a cereal crop, which may be entirely destroyed on germination, 
and which, even if it survives, admits of no cultivating operations 
which may clean the ground for future crops. If, on the other hand, 
seed potatoes are put in they will doubtless suller but may yet give a 
fair yield while the routine cultivation of the crop will do much to 
turn the giubs out for the birds to prey on. 

The date of sowing is sometimes of importance. Late sown oats, 
for instance, are always most severely attacked by frit-fly, and the 
farmer, knowing this, will make a special effort to sow his oats as 
early as the weather will j)ermit. 

As an example of cultural methods depending on the peculiarities 
of a particular pest, the case of the wheat- bulb fly may be cited. 
Long experience has taught farmers that winter wiieat is always most 
attacked if sown on land which was fallow the previous summer, and 
investigation has shown that the insect does in fact lay its eggs on 
bare soil. It is therefore important to ensure that land on w'hich it is 
proposed to grow winter wheat should be well covered by some crop 
or other during July and August. 

Crops growm for seed are sometimes attacked by insects wLich 
infest the flower (clover by weevils, sainfoin by the midge, etc.). It 
then becomes a problem to the farmer whether he shall persist in 
taking a seed crop with the likelihood of a poor [ydeld and the 
certainty of breeding out vast numbers of the pest to attack other 
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crops, or whether he shall cut his losses and make what immediate 
use of the crop is possible, ensuring that the pests shall not reach 
maturity. Ensilage may help him here, for though an infested 
clover stack would breed myriads of weevils, none would emerge alive 
from the silo pit. These few miscellaneous cases sufficiently 
illustrate what is meant by dealing with j>ests b;y means of cultural 
methods. 

Insecticides. 

When a pest has made its appearance it is sometimes possible to 
check its ravages by distributing over the crop some substance harm- 
less to the crop but objectionable to the insect. Such substances 
come under the general term of insecticides. Their principal utility 
is in the orchard and fruit garden, but there are occasions when they 
may be used with advantage on arable land if a suitable distributor is 
available. In such cases they are generally insectifuges rather than 
insecticides, the object being to render tlie crop unpalatable to the 
pest. Thus, germinating peas, tlireatened with destruction by 
Sitona weevils, may be saved by a dressing of soot, or a sy)raying with 
dilute paraffin may warn off the “ turnip-ffy ” from the delicate 
cotyledons of a root-crop. 

Every fruit-grow'cr necessarily relies largely upon insecticides. 
There is very little opportunity for rotation of crops, and numbers of 
fr\iit trees and bushes stand perennially in a limited space so that 
there is every encouragement for their insect enemies to flourish and 
multiply unless directly corabat-ed. 

A v ide variety of materials are employed as insecticides and 
insectifuges. Among those of vegetable origin nicotine and derris 
may be mentioned as especially important, w'hile others are 
pyrethrum and hellebore. Generally speaking they have the 
advantage of being only slightly toxic to higher animals, but it is 
rather characteristic of them that they must be used in a fresh 
condition, as they deteriorate on keeping. Among those of chemical 
origin, or bye-products of manufactures are lime, sulphur, lead 
arsenate, tar distillates, etc. Some of the mineral fertilisers (e.g. 
kainit) have a certain insecticidal value in addition to helping on 
the growth of the crop. 

In the orchard insecticides are used for a variety of purposes. 
Spraying operations may be roughly divided into two categories — 
winter spraying and summer spraying. The object of winter spray- 
ing is the clearance of the trees from hibernating pests. Formerly 
various caustic alkali washes were employed for this purpose. They 
w^ere fairly effective but often did more damage to the trees than w^as 
immediately observable, and of recent years they hav^e been almost 
entirely replaced by tar distillates, w^hich can be used wit hout danger 
to the trees and are very effective against certain pests — especially 
aphis. 
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Summer spraying is undertaken when a pest has declared itself, 
or when observation has shown that the eggs of some injurious insect 
are hatching out and attack may be expected . Here a very important 
question arises, namely whether the insect in question is “haustellate” 
— injuring the plant by abstracting the sap, or “ mandibulate ” — 
actually devouring the tissues of the plant. In the case of haustel- 
late insects the object is to destroy them directly, and a “ contact ” 
insecticide (nicotine, paraffin, etc.) is used, generally emulsified by 
the addition of soft soap, for most of these insects are protected by 
a waxy exudation. 

With mandibulate insects (e.g., caterpillars), it is found more 
convenient to attack them indirectly, b}' the employment of a 
“ poison ” insecticide, the idea being to cover the leaves with a very 
thin layer of poison such as lead arsenate, so that the whole brood 
may be killed off at the outset at little cost to the foliage. Obviously 
here the spraying is of quite a different nature from that employed 
against sucking insects. The tree is not deluged with a wash, but is 
enveloped in a mist of the insecticide by the use of very fine nozzles, 
and on condensation every leaf is coated with a thin film of the 
poison. 

There are occasions when washes are used for their merely 
mechanical effect. Salt and lime have been successfully employed 
against apple sucker, not because of any lethal properties, but because 
they smother the eggs and prevent them from hatching out. 


CLASSIFICATION OF INSECTS 


Insects are divided into Orders, and entomologists recognise about 
twenty-three of such divisions. TViis is an alarming number of 
principal groups, and clearly beyond the possibility of treatment in 
a brief review of the subject, but fortunately the agriculturalist is 
only greatly concerned with a very few of the orders. There are 
many small groups of insects, peculiar in structure, and without any 
near relations, and these constitute orders by themselves. Such are 
fleas, lice, dragon-flies, thrips and earwigs. Then again several 
orders are concerned entirely with insects which spend most of their 
life in water and have no relation to either farm animals or crops. We 
have only space to consider in some detail the five orders which 
contain nearly all the insects injurious to farm crops. They are: — 


Order. 

Rhynchota (or Hemiptera) .. 

Lepidoptera ... 

Coleoptera 

Hymenoptera 

Diptera 


Examples. 

Bugs, greenfly, apple-sucker, 
etc. 

Butterflies and moths. 

Beetles. 

Bees, wasps, saw-flies, ich- 
neumon flies, gall-weisps. 

True flies, with two wings 
only, e.g., house-fly, 
crane-fly, etc. 
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It will be noticed that most of the ordinal names end in the letters 
-ptera, the Greek nrepa, wings, and that by them attention is 
directed to some peculiarity of wing -structure in the order. In 
defining or “ characterising ” an order it is usual to pay special 
attention to three points, the wings, the mouth -parts and the meta- 
morphosis. When these are known there will be little difficulty in 
assigning the insect to its proper order. 

Rhynchota or Hemlptera. (Bugs). Wings — four (when present), 
either entirely membranous (Homoptera) or with the first pair of 
wings horny, with membranous tips (Heteroptera). 

Movihparis — sucking. 

Metamorphosis — incomplete. 

Many members of this order never develop wings — e.g., the 
apterous individuals of the Aphida;. The most distinctive 
character of the Rhynchota is the mouth apparatus. The head is 
produced into a jointed beak which when not in use is generally 
directed backwards along the ventral surface of the thorax, between 
the legs. The visible portion of the beak is the labium which forms 
a sheath within which are the mandibles and maxillse, modified into 
four piercing styles. Many of the Rhynchota bear a superficial 
resemblance to other orders (Cbleoptera, etc.), but the presence of the 
flexible jointed beak reveals their true nature. 

Crops attacked by insects of this order suffer not by the destruc- 
tion of tissue, but by the loss of sap. Their punctures, moreover, 
often afford means of entry to deleterious spores and bacteria. 

Metamorphosis is generally very slight. The egg hatches out into 
a small edition of the adult insect, and only slight changes take place 
at the subsequent moults. If the insect is going to develop wings 
they ap{)ear, in a reduced form, at the penultimate moult, but are not 
fully developed until the final ecdysis. It is clear, therefore, that no 
vermiform larva found injuring crops, no sort of grub, maggot or 
caterpillar can be the young form of a member of this order. 

The Heteroptera, in which the first pair of wdngs if present are 
partly horny and partly membranous, include many familiar insects 
of no economic importance. The so-called “ water spiders ” which 
skate on the surface of ponds and rivers are heteropterous bugs, as 
are also the “water scorpions” and “water boatmen” which are so 
often to be seen in fresh water aquaria. Two families of the Heterop- 
tera are, however, of economic interest, the Cimicidae and theCapsidae. 
The Cimicidae are the “ bedbugs,” wingles.s external parasites of 
nocturnal habits, not only highly objectionable in themselves but 
capable of conveying various diseases to their hosts.” Capsid bugs 
have of recent years been found to inflict considerable injury on 
several crops. The best-known examjile is the Apple Capsid 
Plesiocoris ragicollis, which attacks the fruit of the apple, much 
reducing the yield, and lowering the market value of what remains, 
since the apples are spotted and unsightly through the punctures 
inflicted by the bug. 
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The Homoptera include many insects of agricultural importance, 
e,g,, Apple sucker (Psyllidse), White fly (Aleurodidae), Scale insects 
(Coccicl®) and “ Green fly ** (AphididsB). Far the most important are 
the Aphididse from whose depredations no crop is exempt, and whose 
mode of life renders possible such a rapid and prodigious increase that 
an attack, unless combated at the outset, soon gets out of hand. This 
is largely due to the phenomenon of parthenogenesis or the produc- 
tion of young by females only. In its simplest form the life history 
of an Aphis is as follows (Fig. 123). 



Fig. 123. 

Bean Aphis. {Aphis rumicis) ov A. fatxr 

1. Infested bean shoot. 

2. Winged male, magnified ; 3. Natural size. 

4. Wingless female, magnified. 

Males and females appear in the autumn and pair, and the females 
lay eggs on the appropriate food plant. In the spring these eggs 
hatch into wingless “ brood mothers,'' which presently lay largo 
numbers of eggs. These produce wingless viviparous females, of 
which there may be many generations before the autumn, when males 
again make their appearance. Obviously this method lends itself to 
a prodigious rate of increase, and calculations as to the potential 
offspring of a single “ brood mother'* during the summer result in 
numbers which convey no meaning to our minds. 

The autumnal males and females are winged, and so are some of 
viviparous parthenogenetic females during the summer. These 
latter develop wings for the purpose of migration, and become 
numerous when a plant is overcrowded with aphis. 

This simide life-history may be much complicated by phenomena 
of migration, either from a root form to an aerial form on the same 
plant, or from one kind of plant to another. Thus the w^oolly aphis 
of the apple, and the Phylloxera of the vine have root forms from 
which individuals can mount to re-infest the aerial parts of the plant, 
while the bean aphis migrates to Euonymus, and the hop aphis to 
the sloe. 



BUTTERFLIES AND MOTHS 


693 


That we are not entirely overpowered by pests capable of such a 
vast increase is mainly due to certain natural “ controls.” Unfavour- 
able weather accounts for the destruction of myriads of the insects, 
and there are, fortunately, several predacious insects whose larvae 
prey upon them almost exclusively, notably ladybirds (Coleoptera), 
hover-flies (Diptera Syrphidae) and lacewings (is^curo}>ierc). Also 
many ichneumon flies (Hymenoptera) are parasitic on Aphid'dae. 

Most aphids have a pair of cornicles, the so-called “ honey tubes ” 
projecting dorsally from the fifth abdominal segment. The^c, how- 
ever, do not secrete ” honey dew,” which proceeds from the anus )>ut 
a waxy matter: All aphids exiide waxy material from tlunr inU^gu- 
ment, sometimes in the form of meal, sometimes as stroarners and 
filaments (e.g., the woolly aphis), and this necessitates tlu^ use of soap 
or resin in the contact insecticides used again.st them. Merely 
wat€*ry solutions are thrown off by the waxy' exudaiions, and an 
emulsion is necessary. 

Lepldoptera. (Butterflies and Moths). Wings — four, more or 
less covered by scales. 

Mouth parts — sucking. 

M eiamorphosis — complete. 

The four wings of butterflies and moths are generally c( )in paraii vely 
large, and not very unequal in size, and the venation is siin]>le, with 
few cross veins, but their chief peculiarity lies in the fact that they 
are largely covered with variously coloured scales which render them 
opaque and give them their characteristic colour pattern, 'i'he scales, 
which are flattened hairs, are easily rubbed off, leaving the wings 
transparent. Some sjx^cies, e.g., the “ clear-wdng ” moths, have 
considerable portions of the wings free from scales and therefore 
transparent, but typical scales are present in the dark bands of tlu-ir 
wings. 

Buttei’flies and moih;s arc incapable of doing any harm as imagos. 
In many species the moutii- parts are atrophied, but most possess a 
proboscis, formed by tlie maxillae, often visible under the head, coiled 
up like a hair-spring, and with this they suck the nectar of flowaus or 
other liquid matUu- .^uch as the ” honey -dew' ” of aphis, or the juices 
of over-ripe fruit (Fig. 124). 

The Lepidoptera present a typical example of complete metamor- 
phosis, the four stages — egg, larva, pupa, imago — being sharjfly 
defined and quite distinct. The important stage is the larva, or 
caterpillar, for in this stage alone is injury inflicted on vegetal ion. 
stored products, woollen gocxls, furs, etc. Caterpillars are of very 
varied appearance, hut in essential jioints of structure they are much 
alike, and there is only one other kind of lar ca with which they are at 
all likely to be confounded, namely the larvie of the Tenthredinid 
sawdlies ( liymenoptera). 

Lepidopterous caterpillars have a W'ell-formed head, tliree 
thoracic segments each bearing a pair of five-jointed-legs, ami ten 
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(visible) abdominal segments, some of which bear pro-legs or sucker- 
feet/* The head bears a few scattered simple eyes on each side, and 
is furnished with strong mandibles. Short antennae and maxillary 
and labial palps are also present, and the labium generally bears a 
spinneret from which emerges the silk used in making the cocoon and 
in other operations. 

On the sides of the pro- thorax and of the first eight abdominal 
segments spiracles are present. 

The usual number of sucker- feet is ten, borne on abdominal 
segments 3, 4, 5, 6 and 10. No lepidopteroii.s caterpillar has more, 
and the presence of more than five pairs of sucker-feet indicates a 
sawfly larva. Caterpillars may, however, have fewer than five pairs 
of pro-legs, e.g., the “ loopers,” in which the first three pairs are 
missing, and the “ case-bearers ” which possess only the last pair 



Fro, 124. — Yeli.ow Undkkwing Moth, Tryphtrna pronuba 
(Lepicioptera). 

1, surface caterpillar. 2, chrysalis. 3, moth. 

The sucker-feet of the Lepidoptera are furnished with numerous 
terminal hooks variously arranged. 

Caterpillars are voracious eaters, and as they subsist mainly on 
the juices of their food they destroy an inordinate amount of tissue to 
obtain sufficient nourishment, and are therefore highly destructive. 
A few attack timber, fruit, stored food-stuffs or dead .animal matter 
such as furs, but the usual habit is the destruction of the leaves and 
buds of plants and trees, and it is against them that poison insecticides 
are generally employed, the plant being enveloped in a mist of arsenic 
spray which deposits a thin film on the Icc^ves, and the npwly-hatched 
caterpillars are poisoned before much damage is done. 

The division of the Lepidoptera into butterflies (Rhopalocera) and 
moths (Heterocera) is convenient but not very important. The 
butterflies are mostly diurnal, have rather rigid anUmnae, thickened 
at the distal end, and hold their wings erect when they alight, while 
moths are mostly nocturnal, have tapering antennae, and fold their 
wings horizontally or house-roof fashion. The caterpillars of all our 
more attractive butterflies feed on plants which we do not value 
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(nettles, etc.), but the ‘ whites” (Pieridse) have a weakness for 
Cruciferous plants, especially the Brassicas, and are well known 
agricultural pests. 

In agriculture it is the orchard which suffers most from Lepidop- 
terous pests. The injury is generally the destruction of leaf tissue 
and the treatment the same, whatever the species concerned. There 
are, however, moths of different habit, about which something must 
be said. 

CVrtain moths have caterpillars which feed on timber, and attack 
the trunks or branches instead of the leaves. Such are the “ goat 
moth ” {Cossusligni perdu) and the “ leopard moth” (Zenzera pyrirta), 
both troublesome in the orchard, the former attacking the trunks and 
the latter the branches of fruit trees. Then all the “clear wing” 
moths {Sesiid(i) are timber feeders, some being recognised forest 
f)ests', while one {Sesia ti pul if or mis) attacks the branches of currant 
plants. 

A v(‘r\ large famil\ of moths, the Noctuidse, contains species of 
great agricultural importance as their caterpillars are the “cut- 
worms” or ‘ siirfacc cat(u pillars ” which rank with “wireworms” 
and “ h'athci' jackets” as dreaded subterranean pests. The most 
im])ortant g(*nus is Agrotis. which contains such familiar moths as 
the ■’ dart ’ or turnij» moth (A. segetum), and the “ heart and dart ” 
(A . exrldfudtion is). Th(‘ tnoths are mostly brown and inconspicuous, 
at all events when their hind wrings are hidden, and fly to lamps at 
night. The cateipillars are earth -coloured fat grubs which feed for 
the most part undfuground but sometimes come up at night and 
attack the plant at the ground level or above it. 

d'he Oeometrida* are the moths with “ looper “ caterpillars and 
they include the well-known currant or “magpie” moth, and the 
” w inter moths.” w hich are among the most formidable of our 
or(‘hard |H*sts. 

The common winter moth ' Cheimatobia brumata, appears in 
October and throughout the winter months. The wings of the female 
are only ])artially developed, and the insect caimot fly, but has to 
climb the tr(‘e.s to lay its eggs on the twigs, and the familiar ” grease 
bands ” are designed to catch the female on its w'ay up the trunk. 
There are two larger species of similar habits but of later appearance. 

The Tortricida3 or ” leaf-roller ” moths, of w hich the oak Tortrix 
is a familiar example, are small moths, generally of leaf -eating habits, 
but one species, ('yd id pomonella, lives on the fruit of the apple, and 
is notorious as the “ (‘odling moth.” 

Coleoptera. (Beetles). — four, the front wings horny and 

not used in flight (elytra), the hind wings membranous and not 
greatly veined. In many species they are aborted. 

Mouth -parts — biting. 

-complete . 



INSECTS 


GOG 


The characteristic hard, shelly appearance of beetles is chiefly due 
to the elytra, which usually conceal the soft abdomen when closed, 
their edges meeting in a straight median line. Thus a dorsal view of 
the insect at rest shows only the head, the pro-thorax (which is always 
free) and the elytra, and no soft parts are visible. There are, of 
course, exceptions, and in one large family (the Staphylinidse) the 
elytra are very short, leaving the abdomen exposed. 

This immense order — nearly 1 80,000 species liave been named and 
described— is markedly terrestrial, making no great show in the air, 
and often entirely lacking the power of flight. Economically it is 
very important, including a large number of agricultural pests, some 
of which are most injurious in the larval stage, others as fully 
developed beetles, while others again attack the roots of our crops as 
larvse and do further harm to the leaves when adult. In so large 
an order there is necessarily a wide variety of habit, and there is a 
great difference in such matters as size, length of life, and the time 
spent as larva and as imago. 

Metamorphosis is complete, all beetle eggs hatching out into some 
form of grub, but the larval forms are so various (on account of 
variety of habit) that it is not easy to say much that is true of them 
all. They all have a distinct head, with biting jaws. They are either 
legless or six-legged, having none of the sucker feet of the Lepi- 
dopterous caterpillars, though some beetle larvae have a single prop 
at the hind end which acts much like a foot. If the student meets 
with a grub with a distinct biting head and with only six legs or none, 
he is fairly safe in concluding it to be the larva of some kind of beetle . 
Fortunately certain groups of beetles have larvae cf definite types 
which are easily recognized, so that it is often possible to identify the 
grub not only as that of a beetle, but that of a Carabid or a Lamelli- 
corn or an Elaterid beetle or of a weevil and so cn so that a reference 
to the pests known to attack the crop on which it is found will often 
afford a clue to the particular beetle in question. 

The pupa is generally a w^hite naked object with the legs and 
developing wings not covered in as in the Lepidopterous chrysalis. 
There is sometimes a cocoon, but more often the pupa is to be found 
in a smooth -w^alled cell in the ground. Its life ordinarily is quite 
short, and it quickly changes to the imago, which may remain 
quiescent for months before its time of activity arrivcr;. 

It is impossible iu deal here with so large an ordtu- except in the 
most summary manner, but attention may be directed tc^ a few' groups 
easy of recognition both in the adult and larval condition. 

Carnivorous in.sccts are considered useful to the agriculturist a.s 
they often prey upon injurious s}>ecies, and there ar(' twu familuir 
kinds of beetle wdiich have this habit, the ('arabida* or “giound- 
beetles ’’ and tlie Staphylinidae or “rove ' or “ devil's coach hur.se “ 
beet Ics. 

I'h{‘ gi'ound beetles arc mostly nocturnal, but may be found in the 
day-time lurking under stones and boards. They are elegantly 
shaped and very active beetles, mostly black but sometimes blue or 
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metallic-hued, and tlieir activity and build would suggest at once that 
they gain their livelihood by chasing prey. Some familiar species are 
quite large insects, but there is a great range of size in the group. They 
are not entirely blameless, for certain crops — especially strawberries 
— are occasionally attacked, but on tb.; whole they are useful and 
should be spared. The rove beetles are easily recognized by their 
very short elytra, which leave the abdomen uncovered. They are 
either carnivorous or carrion feeding, and therefore not to be 
destroyed. The larvae of both these families are active .six-legged 
grubs with formidable jaws and generally rather well chitinized, often 
with cerci at the tail end. They are to be found in the soil where they 
hunt for prey and are very voracious. 

The Lamellicorn l)ectles form a compact group easily recognized, 
and with a definite type of larva. The beetles are heavily built, oval 
insects, with ant-ennae terminating in leaves or kimmce which can be 



A B 

Fk;. IlM. ('oCKruAFKr., Melolontha vulgaris (Coleoptora). with (a) lar\'a 

and (B) pupa. 

opened out or shut up. For practical purposes they are the .stag, 
b^tles, the dung-beetles and the chafers. The stag-beetles, which 
feed on decaying wood, are not important, nor are the dung-beetles, of 
which the Egyptian scaraband the British Dor beetle are examples, 
particularly objectionable, but the chafers are vegetable feeders and 
may be very destructive. The larvae of Lnirudlicom beetles an all of 
a pattern, and are wiiat are generally known as “ white grubs ” — 
flesliy grubs of a whitish colour with strong brown heads and six 
legs and with curved bodies often thicker towards the hinder 
end (Fig. 125). 

Chafers are destructive both as larvae and as images, but quite 
different plants are generally attacked by the two stages. There are 
four common species in this country, the cockchafer (Mehlontha 
vulgaris), the summer chafer (Khizotrogus solstilialis), the rose chafer 
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(CeUmia auraia) and the garden chafer (Phyllopertha horticola). All 
lay their eggs in the ground, and their grubs feed on roots — almost 
any root serving their turn. After a variable time spent as larv« 
(four years in the case of the cockchafer) there is a very brief pupation 
period and the beetles emerge and fly away to trees or bushes to feed 
on the leaves. The cockchafer is particularly fond of oak leaves, and 
when its grub is found injuring the roots of a farm crop there is 
generally an oak wood in the neighbourhood. 

The Elateridae are the “ skip- jack ” or “click beetles,” and some of 
them are the parents of the notorious “ wireworms.” The beetles, 
which are not very often met with are long and narrow, with convex 
backs and rather short legs. If placed on their backs on a smooth 
surface they have a difficulty in righting themselves without recourse 
to a special apparatus under the thorax which enables them to jump 



Kig. 126.- -WiBEWoBMS AND CurK Beeti.es, Elatcrid/r (C'oleof>t-«ra). 

2, Agriotes lineatits, magnified ; 1, natural size. 

3, A. obscuriis, magnifieii ; 4, natural length. 

5, A. sputator^ natural size ; 6, magnified. 

7, larva of A. sputator (?). 

8, larva of A. lineatus^ natural size ; 9, magiuried. 

le, pujui of wireworm, magnified ; 11, natural size. 

quite a considerable height, when, with luck they alight on their feet 
and run away. Tlieir larvae are straw-coloured cylindrical grubs, 
well chitinized, with six short legs and a “ prop ” under the last 
segment of the abdomen, and the genus is Agriotes mainly responsible 
for the wireworms so hated by the farmer. The larval stage is very 
long — sometimes five or six years, and in this time the grub is able to 
do immense harm, especially as it destroys very much more than it 
devours, attacking germinating seeds, or biting off a plant at the 
ground level (Fig. 126). 

Freshly ploughed up grass- land is sure to be full of wire worm, and 
a corn crop sown on it has little chance of success. It is usual to take 
at first such a crop as potatoes, which afford some chance of a fair 
3 rield, while the cultural operations possible in a potato field help to 
clear the ground of the grubs by turning them up to the birds. 
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Many agricultural pests belong to a miscellaneous group of beetles 
(Chrysoraelidae, Halticidse, etc.), commonly known as plant beetles.” 
The Colorado potato beetle, the mustard beetle and the asparagus 
beetle, are examples. Eggs, larvee, pupse and imagos may often be 
found simultaneously on the same plant, and the larv» are fleshy 
grubs with distinct heads and six legs. The “ tumip-fly ” is a minute 
Halticid beetle (‘* flea beetle ”). These beetles have their hind thighs 
thickened and possess considerable powers of jumping. Several 
species are generally present in a tumip-fly attack, though the name 
was first given to one species, Phyllotreia nemorum. Every farmer 
knows the havoc that may be wrought on the cotyledons of newly 
germinated turnip seeds by these beetles. The whole crop may be 
destroyed unless immediate measures are taken against it. It is a dry 
weather pest (Fig. 127). 



Fig. 127. — Turnip ¥ly. Phyllotreia (Haltica) nemorum (Coleoptera). 

1, mature beetle, magnified ; 2, 3, natural size. 

6. ogg* laid on under surface of rough leaf. 

6, 7, burrows in leaf, made by larvae or maggots. 

8, larva, natural size ; 9, magnified. 

10, pupa, natural size ; 11, magnified. 

Weevils (Curculionidae) are beetles with their heads produced into 
a beak which carries the biting jaws at the end. Their larvae are 
legless white grubs, generally found in the soil, feeding on the roots of 
crops, though some have different habits. The imagos are generally 
injurious, and to some special part of the plant. Sitona weevils 
attack the leaves of leguminous crops, scalloping the edges. 
Otiorrhynchus weevils nibble the stems and petioles of vines and 
strawlierries. Anthonomus weevils attack the flower buds of apple, 
etc., and Apion weevils the inflorescences of clover and sainfoin, 
while weevils of the genus Balaninus attack fruits, such as nuts and 
acorns. 

Two other groups of beetles may be briefly mentioned. Longicorn 
beetles (Ceram bycidas), characterized by particularly long antennas, 
have cylindrical, generally legless larv» with the segments behind the 
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head often enlarged, and they arc wood feedern, boring tunnels of 
oval section in the trunks of trees. 

Ladybird beetles (Coccinelidse) are extromely useful, feeding both 
as larvae and images on Rhynchota, and being among the most 
voracious destroyers of aphis and scale insects. 

HYMENOPTERA. 

Win{/s — fonr, the hind wings small and hooked on to the fore 
wings. 

MoiUh -parts -biting. 

M etamorphosis — complete . 

Familiar examples of Hymenoptera are sawflies, bees, wasps, ants. 
i(?hneuraon flies and gall wasps. The females always have ovipo.sitors 
which in some groups are modified into stings. Insects t»f this order 
are mandibiilate, but the mandibles are more often used ft)r nt‘st 
construction, etc., than for feeding, and the labium is freipiently 
produced into a sucking tongue. Two divisions of the order are 
recognised: — Sessiliventres (Symphyta) and Petiolata (Apocriia). 

The Sessili ventres are the saw- 
flies. Tlie abdomen is not stalked 
(petiolate) but is joined broadly to 
the thorax, and the ovipositor of 
the female is furnislu‘d \vitha|>air 
of saws for catting holes in [ilant 
tissues for tlu^ deposition of I'ggs. 

St^m .sawllie.s (Cephida*) and 
wood-wasp.H (SLricida?) have larva* 
which aic jiractically legless, since 
these larva? f(‘ed within [ilant 
tissues. The larva of Cephus 
pygmeeus is found in the sU?ms 
of cereals and grasses, and may do 
consideralile harm to a wheat crop. 
The wood -wasps arc striking in- 
sects of formidable apj^earance, 
Sirex gigas often being mistaken 
for a hornet. They lay their eggs 
in the trunks of trees, within w'hich 
their larva? feed. Most of the saw- 
flies of agricultural importancr; be- 
long to the family Tenthredinidae. 
The images are generally small 
inconspicuous insects, * recognised 
by the possession of four wings, 
thick waists and short antennse. 
Their larvae are free-living, 
generally feeding on the leaves of plants, and behaving precisely 
like Lepidopterous caterpillars, which they greatly resemble in 



Fia. 128. — Corn Sawfly, Cephus 
pygynreus (Hymenoptera). 

1. female fly ; 2, natural size. 

3, corn 'Stem, containing maggot, 

4, larva or maggot, natural size ; 6, 
magnified. 

6, parasitic ichneumon fly, Pachy- 
merus calcitrator, magnified ; 7, 
natural size. 
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appearance, being furnif^hed with “sucker feet” in addition 
to three pairs cd jointed legs on the thoracic segments. They 
may be most readily distingxiished from I^epidopterous caterpillars 
by the fact that while these have at most five pairs of sucker feet 
Tenthredinid larvae have more — either six, seven or eight pairs of 
such feet. Other distinguishing points are that there is a single eye- 
spot on the head, instead of a scattered group of eyes, and that the 
sucker-feet do not terminate in hooks. Pine sawfly and gooseberry 
sawfly are familiar examples. The larv® or “ false caterpillars ” 
defoliate the plants, and are dealt with in the same way as with true 
caterpillars. Some, however, feed on fruit, and apples and plums 
may often be found to contain the larvse of Tenthredinid sawflies. 

The Petiolata have a constriction between the thorax and the 



Fig. 129.- Hcmbuc Bees, Bombun sp. (Hymenoptera). 

1, wood bee, Bombus lecorum, 

2, 3, punctures in calyx of bean flower, through M'hich nectar is withdrawn. 
4, earth bee, Bombus terrestris. 

abdomen. They may be conveniently divided into the Aculeata and 
the Parasitica. 

The Aculeata are the “ stingers ” — the bees, wasps and ants. In 
their case the ovipositor is modified into a weapon of offence, accom- 
panied by a poisoir gland. Many other insects inflict punctures on 
animals — mosquitoes for instance — but in their case the mouth 
apparatus is employed. The Parasitica have a piercing ovipositor, 
but it is still employed for depositing eggs, and not as an offensive 
weapon. The most familiar of the Aculeata have social habits, living 
in communities, often with considerable division of labour among the 
members of the community, but others are solitary (Fig. 129). 

The bees, apart from the commodities with which the hive bee 
furnishes us (honey and wax), are of great utility in cross-fertilizing 
flowers, and some of our crops — clover for example — are dependent 
on them for this service. Social wasps are useful in another way. 
Though we dislike their sting and their depredations on ripe fruit, it 
should be remembered in their favour that they rear their young on 
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insects and in so doing destroy vast numbers of insect pests, 
especially Diptera. To exterminate them would be a great 
mistake, but a reduction of their numbers is often desirable. 
This is best effected by destroying all wasps found in the winter 
months, for only the queens survive the winter, and any wasp found at 
that season is the potential founder of a nest for the following summer. 

The ants are of no great agricultural imjKirtance, though their 
habits are of extreme interest. 

The Parasitica use their piercing ovipositors for inserting their eggs 
either into animals or plants, in whose tissues their larvae live. For 
practical purposes they are the ichneumon flies in the broad sense 
(lohneumonidae, Chalcidae, Proctotrypidse, Braconidae) and the Gall 
wasps (Cynipidae). 

Ichneumon flies are of supreme importance in the natural control 
of insect pests, and but for their assistance our crops would be at the 
mercy of hosts of destructive insects. Each ichneumon fly seeks out 



Fig. 130. — Marble-gall Fly, Cynips kollan (Hyrnonoptera). 

Larva, pupa, and inaturo in.sect, magrufif'd. 

Galls (“ oak apples ’) of oak tree. 

its special victim, into some stage of which — egg, larva, pupa or imago 
— it inserts its eggs, which hatch out into grubs which eventually 
destroy the insect attacked. Some species are so small that an insect’s 
egg supplies suiKcient nourishment for the development of the 
parasite. Probably the larval .stage is most often attacked. A 
familiar example is afforded by the cabbage caterpillar of the large 
white butterfly which may often be seen surrounded by a cluster of 
yellow cocoons, commonly, but absurdly, called “ caterpillar’s eggs.’’ 
What has happened is that l small ichneumon fly (Apanieles 
glomerattLs) laid eggs in the caterpillar and its grubs, after eating out 
the internal organs, have pupated in yellow cocoons on the outside of 
the hollow skin. Each cocoon will give rise to an ichneumon capable 
of destroying more caterpillars. Very often the parasitized cater- 
pillar is just able to turn to a chrysalis before its final destruction. 

Anyone who has had experience in rearing insects is familiar with 
the fact that a certain number always prove to be ichneumon - 
stung,” and give rise to ichneumon flies instead of the proper image. 
With some pests a certain cycle is often observed, the trouble 
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suddenly appearing, increasing for a few years, and then as suddenly 
disappearing. The disappearance is frequently found to be due to 
the great increase of parasitism by ichneumon flies, so that the pest is 
for the time being almost exterminated and may be quite rare the 
following season. A good example may be seen in the oak tortrix, 
which in bad years defoliates the oak trees in summer. 

The Gall wasps (Cynipidae) are injurious, but not often to an 
important degree. Galls are swellings in the tissues of plants, made 
by the plants in response to some irritation, such as the insertion of an 
egg together with some irritant fluid, or the movements of the grub 
which hatches out. A certain amount of the vitality of the plant is 
diverted into forming tissues of no use to it, and the result may be a 
stunting and loss of condition. A great many different creatures — 
flies, aphids, mites, etc. — may cause galls, but many of the most 
familiar galls such as “ oak apples *’ and “ marble galls,” and the moss 
gall on the wild rose, are due to the (^ynipidse of the Hymenoptera 
(Fig. 130). 

DIPTERA. 

Wings — two only. 

Mouth-parts — sucking, sometimes piercing and sucking 

Metamorphosis — complete. 

The Diptera are the true flies, having only one pair of wings, 
though they possess traces of a second pair in the form of the halteres 
or balancers behind the existing pair. The head is generally very 
mobile, and the com{)ound eyes very large. Most flies suck or mop 
up fluids with a proboscis formed from the labium, but some (e.g., 
mosquitoes) possess a piercing apparatus which enables them to reach 
the blood of animals which they then obtain by suction. The thorax 
is always fused, the three segments not being distinguishable. 

Dipterous larvae never have any true legs, though many of them 
are able to progress quite actively by means of bristles, hool^s or 
pimple-like excrescences of the body. As a general rule they are 
legless, headless maggots, but flies whose early life is passed in water, 
like the mosquito, may have completely developed heads. They are 
nearly always devoid of colour markings. 

Many flies superficially resemble members of the Hymenoptera 
(bees and wasps) and a close scrutiny is often necessary to determine 
whether only two wings are present or whether there are in reality 
two wings on each side securely hooked together. 

The two main divisions of the Diptera are the Orthobrhapha 
and the Cyclorrhapha, the names having reference to the nature 
of the pupae. 

Orthorrhapha. 

These are flies with the antennae either long (Nematocera) or short 
(Brachyoera) projecting forward from the head and many -jointed. 
On pupation the last larval skin is not retained and the pupal skin is 
split down the back when the imago emerges. Many of the 
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Orthorrhapha are blood-suckers (mosquitoes, sand-flies, midges, 
gad-flies, etc.) and of great importance as disease carriers, especially 
in tropical countries. Two families are of agricultural importance, 
the Tipulidee or crane-flies and the Cecidomyidae or gall m idges. The 
Tipulidea are the crane-flies or “daddy long legs,” and their brownish, 
tough-skinned grubs are the “ leather-jackets ” so destructive at the 

roots of grass and other 
plants, (iolf gieens often 
suffer seventy, and crops 
sow'n on broken up grass- 
land are frequently de- 
stroyed by this peat (Fig. 
131). 3’he Oecidomyidae 
are minute* gnat-like flies 
with white or orange- 
coloured maggots which are 
often provided with an 
“ anehor-])roe(*ss ” beneath 
ilic front end of the body 
and have the ])r>wer of jump- 
ing like the familiar cheese 
maggot. TIh'v include sev- 
eral well-known agricultural 
p(‘^ts sucl) as llj(‘ Hessian fly 
and the whcat-inidge. clover- 
midge, ])ca-niidge, }>ear- 
niidge, etc., and are also 



Fig. KIl - Daddy J.onclecs, Tipula 
oleracea ( l.)ipt('ra), with gnih 

(leather jacket ), ervl pupH. 


responsible for very many of the galls which disfigure the leaves and 
shoots of various trees. 


Cyciorrhapha. 

The bulk of the flies belong to tliis division. Their anU3nna 
characteristic, consisting of three joints, not projecting forw^ard, but 
hanging down, while from the large third joint a stout bristh* — the 
arista — arises. The maggots or “ gentles ’’oft he blow-fly are t>q)ical 
of their larvse, w'hich are headless and legless gru bs, general ly ta|)ering, 
the narrow end l)eing the anterior, and tlie truncated [>osterior end 
showing a pair of conspicuou.s spiracles, and gener ally some protuber- 
ances characteristic of the species. The mout-h apjiaratus consists of 
a pair of chitinous hook.s which can be exserted or vvitlidrawn, and 
with which the maggots tear the tissues on whioh they h^ed. 

When the larva is about to pupate it does not shed its skin, but 
this shrinks and hardens to form a brown or cliestniit-coloured ' lly- 
case ” OT puparium, within which the true pupa is formed. This d(H s 
not split longitudinally for the emergence of the fly but tla^ anterior 
end is removed by a circular cutr — hence cyciorrhapha. 

Many of our crops are attacked by maggots of flu* tyi>c line 
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described. Familiar examples are frit-fly in oats, wheat-bulb fly, 
onion-fly, carrot-fly, celery-fly, mangold-fly and root maggot-fly 
(Fig. 132). 

The maggots of certain flies attack domestic animals. Flies of the 
blow-fly group, which are normally scavengers, laying their eggs in 
dead bodies, are attracted to tainted sores in the fleece of sheep and 
their grubs often invade the surrounding flesh, doing great injury. 
One family of flies, the (EstridsB or ‘‘ bot-flies '' pass their larval peri^ 
entirely in the tissues or natural cavities of animals, and in this 
country the horse, the sheep and the ox are all subject to such 
infestations. The horse bot-fly (Odstrophilus intestinalis) attaches 
eggs to the hairs of the horse and the maggots which hatch out are 



Fro. 132. -- Wheat-bi lb Flv, Hylemyia coarctata (Diptera). 


1, mouth apj>aratu.s. la, maggot. 2, extremity of tail. 

3, pupa. 4, mature fly. 5, infested wheat plant. 

la, 3, and 4, natural size and 1 and 2, magnified, 

magnified. 

licked off by the animal and reach the stomach where they remain for 
months, attached to the wall by their mouth hooks, eventually 
emerging by the anus, and quickly changing to puparia and imagos. 
The sheep ^t-fly or nose-fly oviposits in the nostrils of sheep during 
rumination, and the maggots live for months in the nasal cavities and 
cause great distress and loss of condition. 

The most important of the GCstridaB are the ox bot-flies or 
“ warble flies ” of cattle. In March, small swellings or “ warbles are 
noticed in the hides of cattle on either side of the back bone. These 
swellings contain maggots which presently pierce an opening to the 
exterior. To this opening they apply their posterior spiracles and 
thenceforward grow rapidly. When fully grown they emerge through 
this aperture and hide away in the ground, quickly turning to puparia 
and fliies. How these grubs reached their position in the hide was a 
problem which long baffled all investigators, but it has now been 
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solved and a very remarkable life history revealed. The dies live a 
very short time, being quite incapable of feeding. The female 
attaches eggs to the hairs, generally on the legs of cattle, during 
bright sunny weather, and if the animals become aware of the fly they 
show great alarm, and “gad.” The minute maggot which hatches 
out bores into the animal at the spot where the egg is laid, and all the 
larval existence is passed in the tissues of the animal, the hide of the 
back being eventually entered not from the outside, but from below. 
The most obvious harm done is to the hides, a large proportion of 
which are ruined from the tanners* point of view, but infested cattle 
lose condition, have their output of milk reduced, and a certain 
amount of their flesh made unsaleable (“ licked beef ”) by the ravages 
of the maggots. There are two species of the fly — Hypoderma hovia 
and H, lineatum, but their behaviour is much alike. H. lineatum is 
the earlier fly, and lays several eggs on the same hair. H. hovia 
appears about a month later and attaches a single egg to the beise of 
each hair. The flies are very bee-like in appearance. 

Attempts to prevent the fly from ovipositing on cattle have not 
proved successful, but it is possible to kill the maggots in the backs of 
cattle by squeezing out or by the application of dressings, and if this 
method were extensively carried out there would be few flies to carry 
on the attack in the following season. 

Hover-flies (Syrphidas) were mentioned among the insects which 
prey upon aphis. The common sf)ecies are rather wasj)-like flies, 
often banded with yellow, and they may be noticed hovering over 
rose and other bushes in the summer. They are searching for 
aphidse, among which they lay their eggs, and their semi-transparent 
maggots feed greedil}’ upon these troublesome pests. 

Wingless members of the Dipt era are not very common, but one, 
the sheep “ ked ” (Melophagxis ovinxis) is only too familiar. It is often 
^vTongly called the sheep tick, but this is an error, foi- ticks are 
Arachnida and eight-legged when adult, whereas the “ ked ” is six- 
legged and is a fly without wings. It has a near relation in the 
‘ forest-fly ” so troublesome to horses in the New Forest, and this 
species is winged. These flies belong to a group known as Pupipara 
because the whole development of the larva takes })lace within the fly 
and the ]mparium is deposited. In the fleece of the sheep both the 
flies and their puparia may be found. The flies are blood-suckers, 
and it is chiefly on account of these and also the true ticks that 
sheep are “ dippc^l." 
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Abdomen, 424 
Aljerdeftri- Angus cattle, 514 
Abomasum, 439 
Abscesses, 668 

Absorption of digested matter, 452 
Acid soil, 29, 31 

— soils, flora of, 31 
Acclimatized seed, 285, 292 
Acidity of curd, 657, 660 

Acreage covered m ploughing, etc., 58 
Actinobacillosis, 679 • 

Actinomycosis, 679 
Aculcata, 701 
Adco, 1 10 

AdventitiouH roots, 267, 270 
After-birth, 537 
After-sickness, 374 
iEcidiospore, 383 

.ICitiusa cynapium^ Fool’s parsley, 245 
Agglutination, 623 
Agriotos, 698 

Aifrostis alba, I’lorin or Uait-grass, 279 
Agrotis, 695 

Aim crr.’ipitosa, Tussock grass, 272 
Air content of soil, 79 
Alfalfa, 180 
Aliiiunitary canal, 438 
Allelomorph, 410 
Allium tunca/c, wild onion, 245 
Aloperuriut aijrattis, Hlack grass, 251 
- prntensis, foxtail, 276 
Alternate host, 383 

— husbandry, 139 

American gooseberr\^ mildew, 375 
Amides, 465, 476 
Amino-acids, 458, 465 
Anaiinm, 601 
/Inn.s ho,schns (du(‘k), 585 
Animal hygiene, 662 
Annatto, 659 
Annual woods, 80, 216 
Anthuxunthum odoratuin, sweiM vernal 
grass, 283 
Anthrax, 671 
Antibodies, 671 
Antiseptics, 667 
Anser Jerus (goose), 584 


BAK 

Aphis, 692 
Apion weevil, 699 
Apothecia, 378 
Apple blossom weevil, 340 

— - scab, 340, 379 

— sucker, 692 
Apples, varieties of, 325 
Arar’hnida, 682 
Armillaria mellea, 399 
Arrhenatherum avenareAirn, tall oat- 

grass, 280 

Arsenate of lead, 340 
Arterial blood, 666 
Artery, 444 
Arthropcxla, 682 
Artificial respiration, 669 
AsconyceUxs, 375 
Asparagine, 476 
Asjx^rgillosis, 602 
Autumn cleaning, 86 
Auricles, 269 
Availability, 468 

— of nutrients, 23, 25 
Avena fatua^ 153 

- flavesmis, golden oat -grass, 283 

— satim, 153, 155 

— strigosa, 153 
Ayrshire cattle, 517 


Baby beef, 489, 516, 546 
Bacillary, white diarrhcea, 601, 603 
Bacillus abortus^ 672 

— arUhracL^, 671 

— coli, 650 

— chauxuri, 678 
Bacillus of Johne, 676 
Bacillus mdicicola, 403 

— teianif 678 
Bacon pigs, 575, 634 
Bacteria, 400 

Bacterial digestion, 459, 467 
Bactwia, milk, 650 

— soil, 20 
Bakewell, 511, 561 
Bandages, 668 
Banghohn swedes, 356 
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Bantam, 582 
Barberry, 386 
Bare fallow, 83 
Barley, 146 

— choice of seed, 150 

— cultivation of, 197 

— harvesting of, 203 

— malting quality of, 147 

— manuring of, 152, 202 

— meal, 480, 495 

— position in rotation, 149 

— seed rate, 149 

— soils, 14 

— threshing of, 203 

— varieties bf, 149 
Bartsia odontites, 244 
Basic slag, 118, 125 

effects on grassland, 304 

Basidiospore, 383, 389, 395 
Bastard fallow, 85 
Battery brooder, 595 
Bean aphis, 245 
Beans, 186, 479 

— cultivation of, 206 
Bedford drill, 52 

Beef breeding stock, 543 

— bull, 525 

— - cattle, 510 

— cow, 523 
Bees, 701 
Beetles, 695 
Bellbine, 245 

Bent-grass (florin), 268, 272, 279 

Berkshire pigs, 577 

Biennial weeds, 247 

Bile, 441 

Binder, 66 

Biological control, 687 
Biologic forms, 384 

— species, 384 
Bivalents, 418 
Black currants, 344 
-- flv, 187 

™ medick, 181, 221 

— quarter, 678 

— rust, 384 

losses due to, 386 

Blight, epidemics of, 371 

— of potatoes, 368 

— resistance, 163 
Blood corjmscles, 443, 449 

— - system, 443 

— - tests, 586, 601, 673 
Blow-fly, 704 
Blue-grey cattle, 515, 545 
Bolus, 665 

Bone manures, 120 
Bordeaux mixture, 372, 382 
Border Leicester sheep, 562 


OAI« 

Bot-fly, 705 
Botrytis, 378 

Bovine contagious abortion, 672 
Brain, 453 
Braird, 211 
Bran, 481 

— mash, 664 
Brand spores, 389 

Brasaica alba, white mustard, 173 

— napus, swede, 170 

— nigra, black mustard, 173 

— oleracea, cabbage, 171 

— rapa, turnip, 170 
Bi*eaking in, 609 

— water, 656 

Breeding for milk production, 621 

— sows, 571 

Breeds, (tattle, 619, 624 

— of sheep, 624 
Brewers’ grains, 482 
Bristle-pointed oat, 163 
Broadshare, 45, 86 
Broadcasting, 234 
Broccoli, 353 
Bronchial tubes, 448 
Bronchitis, 448 
Broocler houses, 590, 595 
Broody hen, 593 
Broomrape, 244 
Brussel sprout, 353 
Bud mite, 344 
Bulbous roots, 82 
Bullocks, 549 

Bull, choice of, 529 

— management of, 542 
Bulls, testing of, 621, 645 
Bunt, 194, 389 

balls, 390 

Burgundy mixture, 372, 376 
Burrs, 265 
Butter, 518 

— fat, percentages, 650 

— -fat testing, 644, 651 
making, 655 

— milk, 655 

— ratio, 657 

— working, 656 
Butterfly, 685, 693 
Button ulcers, 677 
Bush trees, 321 

Bushel, weights of seeds, 228 
Byre, 646 


Cabbage, 173, 475 

— -root fly, 355 
CaBcum, 439 

— worm, 600 
Calf rearing, 531 
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Calving, 537 
Cambar, 588 
Cambridge roll, 49 
Canine teeth, 434 
Cannon bone, 429, 498 
Capillaries, 444 
Capillarity, 91 
Capsid bug, 686, 691 
Carbohydrates, 459 
Carbolic acid, 681 

Carbon di- oxide, assimilation of, 22 

Carnation grass, 268, 272 

Carotene, 463 

Carpet wool, 559 

Carriers, 404, 672, 677 

Carrots, 216, 477 

Caryopsis, 263 

Casein, 650, 657 

Casein milk, 621 

Caseinogen, 650 

Castration, 454, 544, 556, 572, 678 
Catch crops, 171, 219 
Caterpillars, 690, 693 
Cattle judging, 528 
Caving riddle, 71 
Cavings, 472 
Celery, 349 
Centipedes, 682 
Cephna pygmans, 700 
Cereals, cultivation and harvesting 
of, 191 

— seed bed for, 191 
Cereaan, 392 
Chafers, 697 

Chaff cutter, 74 
Chalking, 122 
Clialk, grasses of, 272 

— soils, crops of, 134 
Change of seed, 156 
Changes in proportions, 629 
Chain harrow, 47 
Charlock, 246, 253 
Checker board, 412 
Cheddar cheese, 658 
Cheese making, 657 

— varieties of, 657 
Cheimatobia brumataf 695 
Cherries, 332 

Cheshire cheese, 659 
Cheviot sheep, 659 
Chewings’ fescue, 281 
Chicken feeding, 596 

— rearing, 595 
Chitin, 685 
Chloride of lime, 680 
Chlorophyll, 22 
Chobs, 72 

Chocolate spot, 188 
Choking, 668 


OOJL 

Chromosomes, 416 
Chrysalis, 685 
Churning, 665 
Chyle, 462 

Circulatory organs, 443 
Clamp silo, 311 
Clay, 77 

— properties of, 11, 15 

— soils, crops of, 134 
Clear wing moth, 695 
Cleavers, 247 
Cleistocarps, 375 
Cleveland Bay, 503 
Click beetles, 698 
Climate, 348 

— and crops, 133 
Clinical thermometer, 664 
Glover hay, 1 29 

— sickness, 222, 378 

— species of, 176 
Clydesdale, 500 
Clun sheep, 568 
Coarse middlings, 481 
Coates’ Herd Book, 616 
Coccidiosis, 601 
Cockchafer, 697 

Cockerel breeding schema, 586 
Cockerels, 595, 598 
Cocksfoot, 268, 275, 285 
Coco-nut cake, 482 
Cocoon, 694, 696, 702 
Cod liver oil, 464 
Codling moth, 695 
Coke of Holkham, 168 
Colchicum autumnale, meadow saffron, 
245 

Coleoptera, 695 
Collings, 511 
Colostrum, 613, 621, 652 
Combine drill, 53 

— harvester, 70, 196 
Compound fertilizers, 123 
Concave, 71 

Concentrated fertilizers, 123 
Conglomerate, 5 
Conidia, 370, 375 
Coniwn mactdatum, hemlock, 245 
Conservation of moisture, 80 
Contact insecticide, 690 

— washes, 339 
Contetgious abortion, 643 
Control of fungoid diseasos, 361 
Convalescence, 666 
Convolvulus arvensis, bell-bine, 245 
Cooling of milk, 649 
Co-operative marketings 342, 356 
Cordon trees, 332 

Com cockle, 245 
Corpus luteum, 608 
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Corrosive sublimate, 365, 398 
Cost of seeds, 236 
Cottonseed cake, 482 

— meal, 469 
Cotswold sheep, 563 
Couch grass, 253, 267, 270 
Coulommier cheese, 661 
Coulters, forms of, 35, 52 
Covered smut, 393 
Cream, 654 

— cheese, 661 
Creamorneter, 650 
Cream screw, 654 
Creeps, 552, 556 
Crepitus, 666 

Crested dogstail, 268, 272, 279 

Crimp, 640 

Crinkle, 405 

Crop yields, 228 

Cross fertihzatioii, 414 

Crosses, sex-linked, 588 

Crude fibre, 465 

CuUnarv peas, 189 

Culls, 552 

Culms, 266 

Cup drill, 51 

Curd, 657 

Curd knives, 658 

Curl, 404 

Cutworm, 695 

Cuscuta species, dodder, 244 
Cyanarnide, 117, 125 
Cyclorrhapha, 704 

Cynosurus cristcUiis^ crested dogstail, 
279 

Cystology, 416 


Dactylis glomcrata, cocksfoot, 275 
Daddy long legs, 704 
Dairy bull, 523 

cattle, 511, 517, 520 

— farm, buildings for, 646 

— farming, 642 

— plans for, 647 

— products, 642 

— shorthorn, 513, 515 

— wedges, 520 
Dandelions, 247 
Dartmoor sheep, 560 
Day-old chicks, 580, 585 
Deep draining, 101 
Dental formula, horse, 434 
ox, 435 

pig, 436 

sheep, 436 

Dentition, 434 
Depluming scabies mite, 600 
Depth of drains, 90, 96 


EGO 

Depth of sowing, 239 
Derris, 689 

Destructive Insects and Pests Act, 362, 
368, 376, 394 
Devon cattle, 514 

— longwool sheep, 664 
Dexter cattle. 517 
Diaphragm, 424, 438, 449 
Diarrhcea, 601 
Dibbling, 207, 226, 237 
Digestibility trials, 465 
Digestion coelficiont, 466 
Digestive juices, 440 

— system, 437 
Dipt-era, 703 
Disc harrow, 48 
Disease, signs of, 663 

Diseases of Animals Act, 674, 6S1 

plants, 356 

poultry, 599 

Dismfoction, 673, 680 
Disj>orsal of weed seeds, 248 
Dclaiteusc\ 656 
Docking, 556 
Docks, 249, 251 
Dodder, 244 
Dominant, 410 
Dormant 80 i>ds, 235 
Dorset blue cheese, 660 
-- horn sheep, 567 
Double cream cheese, 661 
Down sheep, 564 
Drainage*, 88 

— plans, 94 
Drift map, 1 

Dried blood, 114, 484 

— yeast, 484 
Drills, 50 

spacing, 237 
Dry mash, 596 

— matter in swedes, 169 

— j)eriod, 538, 617 

— rot, 398 

Dual-purpose cattle, 510, 515, 526 
Ducklings, 598 
Ducks, 642 

— breeds of, 586 

— trussing of, 604 
Dung, analysis of, 109 
Dusting, 341 
Dwarfing stocks, 328 


Early maturitv, 677 
Eedysis, 686 
Ecology of weeds, 248 
Edelmist process, 110 

effects of season, 641 
— grades of, 581 
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OIiY 

Five-course system, 137 
Flavour in meat, 637 
Flea beetle, 169 
Fleas, 595 
Fleeces, 639 
Flocculation of clay, 16 
Flooding, 92 
Fluctuation, 407 
Flushing, 608 
Flying flocks, 552 
Foal, 509 

Foals, percente^e of, 610 
F'ood and Drugs (Adulteration) Act, 
656 

Fools’ parsley, 245 
Foot and mouth disecise, 673 
, 673 — horse, 428 

— ox, 433 

— rot, 5 2 
Force feed drill, 52 
Formalin steep, 391 
Fowls, breeds of, 682 
Fowl pox, 602 
Foxtail, 268, 276, 288 
Fractures, 666 
Freernartin, 609 
Friesian cattle, 519 
Frit-fly, 204, 688, 705 
Frost holes, 324 
Fniit culture, 321 

— soils, 324, 331 
Fumigation, 681 
Fungi, 357 
Fungicides, 362 
Furrow slice, forms of, 38 


BOO 

Eggs, preservation of, 605 

— production, 597 
Elateridse, 698 
Elevator, 64, 318 
Elimination of clover, 299 
Elkington, Joseph, 89, 101 
Embryo, death of, 611 
Emmer wheats, 387 
Emulsion, 442 
Ensilage, 308 

— suitable crops for, 308 
Enteritis, 680 
Enzymes, 458, 460 
Ephemeral weeds, 246 
Epidemics, 370, 386, 387 
— ■ and weather, 360 
Epizootic Abortion Order (1920) 
Ergosterol, 463 

Ergot, 358 
Erysipelas, 575 
Erysiphacese, 375 
Ewee, milk yield of, 492 
Excretory organs, 450 
Exmoor aheej), 5^ 

Eye, injuries to, 668 


Factor, 410 
Fallowing, 104, 263 
Farmyard manure, 105 
Farnham Royal, 688 
Farrowing, 571 
Fat, 460, 636 

— absorption of, 452 

— globules, 622 

— hen, 246 

— percentage, 542, 621 
Fattening mash, 598 
Feather, 500 
Fecundity, ewes, 555 
Feeding stuffs, 471 

analysis of, 464 

Felspar, weathering of, 7 
Ferments, 442 
Fertility, 456, 607 

— maintenance of, 128 
Fertilizers and Feeding Stuffs Act, 1 

126 

Featuca duriusculay hard fescue, 281 

— eUuioTy tall fescue, 282 

— ovinUy sheep’s fescue, 281 

— pratensisy meadow fescue, 282 

— ruhra, red fescue, 282 
Fetlock, 431 

Fiddle, 60 
Fillers, 334 
Filling silos, 311 
Finger and toe, 363 
Fish meal, 462, 484, 495 


Gafsa, 305 

I Gains and losses of the blood, 453 
I Gall bladder, 441 
j Gallowav cattle, 616 
I Galls, 359, 703 
{ Oallxis bankivQy 582 
Gapeworm, 600 
Garlic, 653 

Gastric juice, 441, 442 
Geese, 598 

— breeds of, 584 
(4enetics, 409 
Gentles, 704 
Gerlier test, 651 
Germ cells, 4 1 8 
Germination percentages, 230 

— of grass seeds, 293 
Gizzard, 596 

Gilts, 674 

Globulin, 613, 621, 652 
Glucose, 459 
Glycogen, 460 
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Golden oat-grass, 265, 270, 283, 289 

Goar vetch, 184 

Goat moth, 695 

Grade A milk, 649, 650 

Grades of milk, 650 

Gradient of drains, 96 

Granite, 4 

Graminese, 261 

Grasses, awns of, 264 

— effects of climate on, 272 

— flower structure, 262 

— ^owth habit of, 271 

— inflorescences of, 261 

— leaf structure of, 269 

— root system of, 271 

— seeds of, 264, 284 

— species of, 273 

— stems and foliage, 266 
Grassland shepherding, 550 

— rejuvenator, 45 
Grass mower, 58 

— seed mixtures, 289, 291, 297, 298 
Grease bands, 695 

Greengages, 326 

Green manuring, 105, 336, 352 

Grit, 596 

Ground beetles, 696 

— nut cake, 483 
Growth, 623 
Grubber, 54 
Gruel, 664 
Guano, 120 
Guernsey cattle, 518 
Gum barrier, 396 


Hackney, 504 
Haernaglobin, 443, 449 
Haemorrhage, 666 
Half-bred sheep, 560 
Hampshire Down sheep, 566 
Hard fescue, 281 
Hardiness of grasses, 271, 275 
Hard seeds, 231 
Harrows, 46 

Harvesting implements, 65 
Hatchability, 587 
Hatching, times of, 642 
Hatcheries, 580 
Hay loader, 62, 318 
Haymaking, 317, 320 

— implements, 58 
Hay sweep, 64 

• — - tea, 664 

— time of cutting, 317 
Haustellate insects, 690 
Haustoria, 359, 370, 375 
Heart, structure of, 444 
Heat period, 610 


IMM 

Heaving, 242 
Heavy draught horse, 498 
Heifers, 534 
Helrninthosporium, 201 
Herniptera, 691 
Hemlock, 245 
Herd books, 644 
Herdwick sheep, 560 
Hereford cattle, 513 
Hessian fly, 704 
Hetercecious rusts, 383 
Heteroptera, 691 
Heterozygote, 410 
Higgler, 580 
High -back lands, 93 
Hip girdle, 427 
Hock, 430 
Hoeing, 252 

Homoioecious rusts, 383 
Homozygote, 410 
Honey-dew, 693 
Honey fungus, 399 
Honey tut>es, 693 
Hoof and horn manure. 114 

— horse, 431 

— ox, 433 

Hordeum distich uni, 146 

— polystichum, 146 
Hornless cattle, 514, 516 
Horns, 433 

Horse breeding, 508 
- fork, 64 

— labour, cost of, 506 

— management of, 506 

— rake, 61 
Horsehoes, 53 
Horse, skeleton of, 424 
Hoven, 669 

Hover, 595 

flies, 693, 706 

Humidity and incubation, 594 
Hunter, 503 
Humus, 8, 1 7, 350 
Hybrid vigour, 416 
Hymenium, 395 
Hy menomycetes, 394 
Hymen optera, 700 
Hypoderma bovis, 706 


In-breeding, 512, 529 
Incisor teeth, 434 
Incubation, 590, 593 
Incubator, 592 

Ichneumon flies, 688, 693, 702 
Ilium, 427 
Imago, 685 

immune potatoes, 368 
Immunity, 362, 368, 387, 670 
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Imniunity to wart disease, 161 
Impoverished grassland, 302 
Independent inheritance, 411 
Infectious diseases, 670 
Influence of stock on scion, 328 
Injuries, 667 

Injurious Weeds Order, 249 
Insecta, 682 

Insect-bonie diseases, 686 
Insect pests of vegetables, 355 
Insects, classification of, 690 

— structure of, 683 
Insecticides, 689 
Insemination, 611 
Insulin, 464 

Intermediate mangolds, 164 
Intertillage of barley, 202 

— of wheat, 195 
Intervals between rows, 240 
Intestinal juice, 442 
Intestines, 439 
Intensive grazing, 306, 493 
Irregularity of crops, 243 
Isolation box, 663 

Italian rye-grass, 268, 271, 275 


Jaune de METZ, 328 
Jensen’s method, 392 
Jersey cattle, 618 
Jethro Tull, 27 
Johne’s disease, 676 
Joint-ill, 679 
Jugular vein, 446 
Junctions of drains, 98 


Kainit, 121, 125 
Kale, 18 

— Thousand head and Marrow stem, 
171 

Ked, 706 
Kellner, 466 

Kent or Romney Marsh sheep, 563 
Kerry Hill sheep, 561 

— cattle, 519 
Kidneys, 450 
Killing percentage, 635 
Klein wanzleben, 167 
Knot-grass, 247 
Koch’s bacillus, 674 
Kohl-rabi, 172, 218, 477 


Labouk, distribution of, 130 

— seasonal requirements, 131 
Lactation, 542, 608 

— curves, 617 
Lacteals, 447, 461 


LON 

Lactic acid bacteria, 649, 654, 657 

Lactometer, 651 

Lactose, 621 

Ladybirds, 693, 700 

Laid crops, 266 

Lamb and dam trade, 566 

Lambing, 555 

Lambs, feeding of, 656 

Lamellicom b^tles, 697 

Lameness, 674 

Laminitis, 432 

Land Drainage Act , 90 

Large black pigs, 578 

— fowl ascarid, 601 

— white pigs, 576 
Larva, 685 

LcUhyrus 'praUmis^ meadow vcU bling, 
300 

Lead arsenate, 690 
Leaf roll, 405 
Leather jacket, 695, 704 

— refuse, 114 
Leguminous crops, 174 

— fodders, 462 
Leicester sheep, 561 
Leopard moth, 695 

Lepidiurn draba, devil’s cress, 249, 253 

Lepidoptera, 693 

Leucocytes, 443 

Lice, 575, 599 

Ligule, 268 

Limb bones, horse, 427 
Lime, 352 

— burnt, 122, 125 

— slaked, 122 

— status of soils, 28, 30 

— sulphur wash, 377, 382 
Liming grassland, 302, 307 
Lincoln curly-coated pigs, 579 
Lincolnshire Red shorthorn, 516 
Lincoln sheep, 563 

Line breeding, 586 
Linkage, 419 

Linseed cake, 466, 469, 483 

— mashes, 664 
Liquid manure, 107, 110 
Litter size, 607 

Liver, 441 
Live weight, 625 

increase, 459 

Loamy soils, crops of, 134 
Lockjaw, 678 
Lodging, 242 
Lodicules, 262 

Lolium Jtalicum, Italian rye-grass, 274 

— perenne {see Perennial rye-grass) 
273 

Long dung, changes in, 107 

— mangolds, 164 
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LonJc fthawfi. 560 
Lckmw tinui, 391. 393 
Lomu vu wmnun^ I OS 

Lucerne, I SO. 220. 402. 474 
Lumpy jaw, 679 
Lupins. 402 

Lychnis Githayo, corn cockle, 245 
Lymph system, 447 
Lysol, 680 


Ma-c/ironi wheats, 387 
Machine milking, 540 
Maggots, 705 

Maintenanco ration, 474, 538, 552 

— requirement, 459, 485, 489, 625 
Maize, 309, 474, 480, 481 

— breeding, 416 
Mal-prosentation, 537 
Malt. 204 

— coombs, 482 
Malting barley, 147 
Mammalia, 423 
Mammary glands, 456, 613 
Mandibles, 684 

Mango, 575 
Mangolds, 164, 476 

— cultivation of, 213 

— manuring, 165 
Mangold-fly, 246 
Manioc meal, 484 
Manure distributors, 56 
Manurial values, 469 
Manuring, fruit trees, 335 

— vegetables, 349 

Maple or Partridge pea, 189 
Marbling fat, 637 
Mare, 508 

Market gardening, 345 
Marketing, eggs, 580 

— of vegetables, 355 
Markets, 323, 346 
Marsh gas, 317 
Mctshams, 659, 564 
Mass selection, 416 
Mating poultry, 587 
Meadow fescue, 282 

— saffron, 245 
Meadows, manuring of, 303 
Meat meal, 484 
Mechanical analysis, 11 
Medicago lupulina^ trefoil, 181, 221 

— aativa^ lucerne, 180 
Medicines, administration of, 686 
Meleagria gallopavo (turkey), 584 
Mendel, 409 

Merino, 640 

MertcUua Ictcrymana, 397 
Mesentery, 439 


iriT 

Melabolmn, 437 
cimte, 4115 

Metamorphosis. 685 
Miemtp/urra grtmuiari^e, 376 
Middle white pign, 577 
Midges. 704 
Millipedes, 683 
Mineral deficiencies, 495 

— phosphates, 120, 304 
Minerals in feeding stuffs, 461 
Mites, 600, 683 

Milk, abnormal, 652 

— composition of, 650 

— fever, 538 

— recording, 518, 643 

— teeth, 435 

— treatment of, 648 

— weU, 522 

— yields, 616 
Milking, 540, 616 

— hand, 647 

— mechanical, 648 
Molar teeth, 434 
Molasses, 478 

Mole plough drainage, 91, 99 

Mosaic disease, 405 

Moss, 255 

Moths, 693 

Moufion, 629 

Mouldboard, 36, 40 

Mountain sheep, 559 

— shepherding, 550 
Mouth, 438 
Mulch, 13 

Muscular system, 437 
Mustard, 173 
Musty silage, 314 
Muriate of potewh, 121 
Mycelium, 357 
Myriapoda, 682 
Myzua peraicae, 405 


National mark, 581 
Nauru phosphates, 305 
Nematode worms, 576 
Nervous system, 453 
Neubauer, 28 
Neural canal, 424 
Nicotine, 689 
Nitrates, formation of, 21 
Nitrate of lime, 117, 126 
— of soda, 117 
Nitrification, 20 
Nitrogen accumulators, 401 
Nitrogen cycle, 24 
Nitro-chalk, 117 
Nitrolim, 117 
Nitrophoska, 124 
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Nitrogenous fertilizers, effects of, 112 

— manures, effects of on grass, 299, 
303 

— manuring of vegetables, 350 

of fruit trees, 335 

Nitrogen starvation, 335, 402 
Nodules of leguminous plants, 21, 401 
Norfolk Dun poa, 189 

— system, 136 
Nuclear division, 416 
Number of seeds \>er 8u;re, 233 
Nurse crops, 294 
Nutrition of plants, 22 
Nutritive ratio, 468 

— value of cereal by-products, 481 
of fodders, 471, 473 

of grains, 479 

of oil cakes, 482 

of roots, 476 

— — of young grass, 473 
Nymph, 685 


Oak tortrix moth, 687, 695 
Oat and vetch crop, 309 

— grey winter, 156 

— straw, 206, 505 
Oats, 153, 204, 480 

— crude fibre in, 154 

— manuring of, 205 

— seed rate, 156 

— varieties of, 166 
Gilsophagus, 438 
(Estroiis cjxlo, 455 

Official se^ testing station, 249 
Oilcakes, 482 
Omasum, 439 
Onion, 353 

— couch, 267 

— diseases of, 354 
Onobrychis sativa^ sainfoin, 182 
Ophiobolus, 133 

Orchards, planting of, 332 
Organic refuses, 112, 125 
Ormskirk, 368 

Orobanche minor^ broomrape, 244 

Orthorrhapha, 703 

Outfalls, types of, 97 

Output of milk, 645 

Ovary, 456 

Ovulation, 466 

Oxalic acid, 474 

Oxford Down sheep, 666 


Paus^, 265 

Palm kernel cake, 470, 483, 488 
Pancreative juice, 441 
Parasitica, 701 


PLO 

Parasitic fungi, 357 
— weeds, 244 
Parsnips, 216, 353 
Pasteurization, 655 
Pastures, manuring of, 304 
Pea haulm, 209 
Peas, 353 

— cultivation of, 208 

— varieties of, 189 

— weeds in, 251 
Pear, stock for, 330 
Pears, varieties of, 326 
Peat moss, 107 
Pedigree stock, 527 
Potlology, 1 

Penicillium (jlaucum^ 660 
Perc heron, 501 

Perennial rye-grass, 268, 269, 271, 273, 
284, 290 

Perennial weenls, 81, 247 
Peristaltic contraction, 441 
Perithecia, 381 

Permanent grassland, formation of, 292 

Post control, 83 

Pests of fruit trees, 339 

Phagocytes, 668 

Pharynx, 438 

Phleum prcUtnsty timothy grasf, 276 
Phosphates, citric-acid soluble, 26 

— function of, 28 
Phosphatic fertilizers, 118 
PhoBphatic manures on grassland, 300, 

305 

Phycomycetes, 366 
Phyllotreta nemoruniy 699 
Phytop}Uhora infestanSy 368 
Pierid«, 695 
Pig foods, 573 
Piglings, feeding of, 572 
Pigs, breeds of, 576 

— diseases of, 675 

— fattening of, 572 

— fecundity of, 570 

— ideal carcass, 570 

— rations for, 674 
Pitch -pole harrow, 48 
Placenta, 455 
Planker, 50 

Plant b^tles, 699 

— diseases, control of, 133 
Plasmodiophora brasnagy 363 
Plesocorxs mgicoUis, 691 
Pleurisy, 448 

Plough, balance, 42 

— digging, 39 

— general purpose, 34 

— multiple furrow, 41 

— one-way, 42 

— ridging, 43 
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Plough, setting of, 37 

— shares, forms of, 36 
Ploughing, methods of, 40 
Ploughland shepherding, 551 
Plum, diseases of, 394, 399 

— stocks for, 330 
Plums, varieties of, 326 

Poa praterisisy smooth -stalked meadow 
grass, 278 

— trivialiSf rough-stalked meadow 
grass, 278 

Poisons, 669 
Poisonous plants, 245 
Pollination, 333 

— of cereals, 262 

— of grasses, 262 
Points of sheep, 558 
Polyporacese, 398 
Polysaccharides, 459 
Pony, 504 

Pork, 577, 607, 634 
Potash fertilizers, 121 

— manures, 351 

effects of, 301 

Potato, 159, 479 

— cultivation of, 222 

— manuring, 162 

— origin of, 159 

— soils, 14 

— spinner, 43 

— varieties of, 161 
Poultry breeding, 585 

diseases of, 599 

— dressing and trussing, 603 

— feeding, 595, 597 

— keeping, 579 

— killing of, 603 

— manure, 1 1 1 

— meat, 581 

— plant, 589 
Powdery mildew, 375 
Pregnancy, 536 
Principles of breeding, 406 
Proboscis, 693 

Production requirement, 485 
Propagation of fruit trees, 327 
Protein, 458, 464 

— equivalent, 477 
Protozoa in soil, 21 
Pruning, 336 

Pseudomonas radicicola, 402 
Puberty, 607 
Puccinia coronata^ 389 

— glumarum, 387 

— grasmnis, 384 
Pudding stone, 4 
Pulmonary circulation, 447 
Pulse, 446 

— crops, 206 
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Pupa, 685 
Pure line, 263, 407 
Pus, 668 
Pyrethrum, 689 


Quality or butter, 657 

— of meat, 627 

— of vegetables, 346 
Quarter ill, 678 
Quicklime, 122, 307 
Quince stock, 330 


Rachilla, 262 

Ram, 553, 562 

Rape, 218 

Raspberries, 344 

Rations for beef production, 488 

breeding sows, 572 

calves, 533 

fattening sheej), 557 

horses, 505 

in-lamb ewes, 554 

milk production, 486, 638 

Recessive, 410 
Reciprocal crosses, 409 
Red clover, 175 
varieties of, 176 

— fescue, 268, 282 

— poll cattle, 616 
Reduction division, 417 
Regular draft ewes, 552 
Rennet, 439, 442, 657 
Reproduction, organs of, 454 
Requirements of horses, 494 
sheep, 491 

— — - swine, 495 
Residual values, 469 
Resistance to silver leaf, 397 
Respiratory organs, 448 
Rest-harrow, 302 

Resting spores, 358, 367, 400 
Reticulum, 439 
Reversion, 345 

Rhinanthus major^ yellow rattle, 245 
Rhizomatous grasses, 268, 270 

— weeds, 82 
Rhizomes, 247 
Rhizomorphs, 399 
Rhyncota, 691 
Ribs, 426, 449 
Ribwort, 273 
Richmond’s formula, 651 
Rice, 480 

Ripening of cream, 654 
Rivet wheat, 234 
Rock, igneous, 5 

— metamorphic, 5, 6 
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Rocks, composition of, 4 , 5 

— plutonic, 6 

— sedimei^tary, 5, 6 

— - volcanic, 6 

— weathering of, 7 
Rogues, 364, 407 
Rolls, 48 

Root crops, 129 

cultivation of, 209 

preparation for, 210 

seeding of, 212 

Root-hairs, 22 
Root-nodulos, 181 

— stocks, 327 
Ropy milk, 652 
Roscommon sheep, 664 
Rotation of croj>s, 128, 687 
Rothamsted grass plots, 299 
Roughages, 470 

Rough -stalked meadow grass, 267, 278 

Roundworms, 600 

Rove l)eetles, 697 

Rumen, 430 

Rumination, 440 

Runts, 617 

Jiust, gooseberry, 383 

— oat, 380 

— {)ear, 383 

— plum, 383 

— resistance, 386, 388 
Rye, 158 

Ryeland sheep, 567 


Sacrum, 426 

Sail reajxir, 65 

Sainfoin, 182, 220 

Saliva, 440, 442 

Salt licks, 462 

Sand, profx^rties of, 1 1 

Sandy soils, 349 

Saprophytes, 357, 400 

Sawfly, 694, 700 

Scab of ]>eara, 327 

ScaJding of curd, 659 

Scale insects, 687, 692 

Sclerotia, 358, 378 

Sderotinia trifoliorumy 222, 378 

Scion, 328 

Scorching of foliage, 382 
Scotch blackface sheep, 569 

— shorthorn, 513 
Scurvy, 463 
Sectional grazing, 493 
Seed barrow, 50 

™ bed, 80, 200, 241 

— dispersal, 266 

— growing, 354 
Seedling stocks, 329 
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Seed potatoes, 162 
size of, 226 

— production of weeds, 246 

— rates, 228 

Seeds Act, 1920, 234, 249 

Seedy-cut, 613 

Segregation, 410 

Selection, 408, 414 

Self -fertilized plants, 407, 415 

Self -sterile fruits, 326, 331, 333 

Separator, 654 

Sequence of cropping, 127, 131, 

135 

— Serum, 671, 677 
Service premiums, 502 
Sesamoid bones, 428 
Sex inheritance, 419 

Sex -linked characters, 587 

inheritance, 420 

Sexual reproduction, 416 
Shearing, 557 
Shearling owes, 552 
Sheep, 550 

— dipping, 567 

— hriMnls of, 558 

— 8<‘ab, 557 

— fattening of, 557 
Sheep’s fcHcuo, 269, 281 
Sheep’s sorrel, 302 
Shir© hor8(3, 499 
Shoddy, 1 1 3 

Short dung, 108 
Shorthorn, 511 
Shoulder blade, 426 
Shropshire sheep, 566 
Side deliverv rake, 60, 318 
Silage, 184, 475 

— acids in, 312 

— composition of, 312 

— crops, 309 

— feeding value of, 314 

— losses in making, 315 

— tvpes of, 313 
Silver-leaf. 338, 340, 394 
Sitona weevil, 699 
Six-course systems, 138 
Six -row barley, 146 
Skeletal reserves, 461 
Skeleton, horse, 424 

— ox, 432 

— pig, 434 

— sheep, 433 
Skin, 450 
Skull, 426 
Slatt^ floor, 590 
Slender foxtail-grass, 246 
Slugs, 601 

Small black pigs, 579 

— white pigs, 577 
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Smooth-stalked meadow grasa, 268, 
278, 293 

Sniothehng crops, 132, 250 
Sm\it, 389 
Sodium clay, 117 

— fluoride, 599, 60U 

Soft brome grass, 265, 271, 300 

— cheese, 660 

— fruit, 324, 343 
Soil, bacteria of, 20 

— chemical analysis of, 19 

— climate, 9 

— colloidal properties of, 16, 18 

— colour, 9 

— formation, 3 

— fractions, 1 1 

— horizons, 8 

— ideal, 12 

— indicators, 248 

— maps, 1 

— mechanical analysis of, 11 
-- mineral matter of, 17 

— moisture, regulation of, 13 

— organic matter of, 18 

— organisms in, 8, 20 

— jiarticlcs, sizes of, 11 

— profile, 3, 7 

— solution, composition of, 18 

— temperatures of, 16 

— texture, 10, 77 
and cropping, 14 

— types of, 13 
Soils, chalk, 15, 18, 28 

— heaviness of, 12 

— lime in, 28 

— market garden, 347 

— moisture in, 12 

— nitrogen content of, 18, 23, 25 

— phosphates in, 18, 26 
- — potash in, 26 

— water table of, 13 
Soot, 351 

Sour soil, 352 

— — grass flora of, 300 

South Devon cattle, 517 
— - shc(']), 564 

Soutlidown shee[i, 565 
Soya bt'an cake, 483 
Spacing of seeds, 237 
SjH‘( ialist areas, 323 

Sj)C( ializatiori of fungi, 360 
Species hybrids, 421 
Specific gravity of milk, 651 
Spermagoniurn, 383 
Spermatia, 383 
Sp(*rinalozoa, 454, 610 
Sphu'rotheca 375 

Spikelet, 262 
Spiracles, 684 
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Sporangium, 367 
Spore dispersal, 358 
Sporophore, 394 
Spraying, conditions for, 373 

— machines, 373 
Sprays for weeds, 254 
Spring cleaning, 87 

— tapping, 93, 102 
Springs, 92, 101 
Spring wheat, 145, 192 
Spur-pruning, 337 
Spurrey, 302 
Stacking, 196 

Stack racks, 158 

— silo. 311 
Stallion, 508 
Standard trees, 332 
Starch, digestion of, 459 

— equivalent, 466 
Starter, 654, 657 
Steapsm, 460 
Steely barley, 148 
Steeps, 391, 393 

SUun or black rust, 384 
Sterenm purpureum^ 394 
SU^rility, 421, 608 
Shirilization, 649 
Sternum, 426 
Stifle joint, 430 
Stilton cheese, 660 
Stolons, 247 

Stoloniferous graf=i 80 s, 268 
Stomach, ox and sheep, 439 
Stomata, 270 
Stooking, 196, 206 
Store beasts, 489 
Strawberry, 343 
Streak, 404 

Strippings, 622, 648, 652 
Strong wheat, 143 
Stubble cleaning, 8t), 253 
Subsoiler, 44 
Subterranean clover, 141 
Subulate leavers, 269 
Suburban dairying. 643 
Succession of annual weeds, 246 
Suffolk drill, 52 
horse, 501 

— sheep, 567 
Sulphate of ammonia, I 15 

and weeds, 256 

potash, 121 

Suljihur-contairiing fuegicides, 378 
Sunflower, 310 
Supernumerary glands, 613 
Superphosphate of lime, 1 I H, 125, 301, 

351 

Suprarenal bodies, 454 
Surface draining, 93 
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Surface sowing, 194, 239 
Sussex cattle, 514 
Sugar beet, 166 
cultivation of, 214 

— — harvesting of, 217 

improvement of, 416 

— — ploughs, 43 
seed rate, 215 

— — spacing of, 241 

tops, 216, 310, 316, 474, 653 

— percentage in beets, 167 
Sward formation, 267 
Swathe turners, 60, 318 
Sweat glands, 450 
Sweating, 321 

Swedes, cultivation of, 215 
Swede turnips, 168 

— mildew, 215 
Sweepings as seed, 292 
Sweet vernal grass, 262, 283 
Swine erysipelas, 676 

— fever, 575, 677 
Swing plough, 40 
Symbiosis, 403 

Synchyirium endobi otic urn y 366 
Synovial fluid, 428 
Systemic circulation, 447 


Tail wheat, 387 
I’aints of milk, 654 
'I’all fescue, 268, 282 

oat-grass, 264, 271, 280, 296 
Tamworth i)igs, 578 
Tankard mangolds, 164 
Tapeworm, 601 
'Tap-roots, 81 
'Tar distillates, 689 
Tattoo marks, 644 
Tedder, 61, 318 
Teleutosjioro, 383 
Temperature for incubation, 593 
Temperatures of animals, 665 
'I’emporar^' gravSsland, formation of, 296 
pasture, 140 
Tenthrcdinida?, 700 
'Tetanus, 678 

Thistles. 248. 249, 253, 294 
'Thorax, 424, 449 
Thoroughbred, 502 
Thorough drainage, 93 
'Threshing machine, 71 
'Thyroid glands, 454 
'Ticks, 706 
'Tick bean, 187 
'Tillage, objects of, 77 
Tillering, 267 
Tillctia caries, 389 
Times of ‘towing, 228, 238 
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Timothy grass, 262, 263, 276, 286 

Tipulida?, 704 

Top-fruit, 324 

Tor grass, 269 

Touchwood, 399 

Tourniquet, 666 

Tower silo, 310 

Tractor implements, 58 

Tractors, 497 

Transpiration, 23 

Transplanting, 218, 242 

Transport, 323, 342 

Trap nesting, 586, 641 

Trefoil, 181, 221, 298 

Trijolium hybriduniy alsike. 17v> 

— incarnatum, crimson clover, 1 80 

— mintiSy yellow suckling, 179 

— repens y white clover, 177 

— s|>e<aes of, 175 
Triticum turyidum, 141 

— vulgarCy 141 

! Trough fetxling, 554 
! Truck farmers, 346 
Truckle cheddar cheese, 6,V.) 
TuViereulin test, 675 

— tested milk, 644 
Tuberculosis, 575, 602. 674 
Tuberculosis Order (1925), 676 
Tumble down, 287 
Tupping, 553 

TurniD drill, 52 
-- fly, 689, 699 

— mot!'., 695 
Turnips, 167 

— cultivation of, 216 
- manuring for, 170 

Turkeys, 598 

— breeds of, 584 
Tushes, 135 
Tussock -grass, 272 
Twins, 626 
Tympanitis, 669 

! Udder. .518, 520, 522, 613 
i infected, 647, 653 
Under drainage. 94 
j Unexhaustcfl rnanurial values. 126 
i Unit prices. 113, 126 
I Up-to Date })otato, 161 
I Urea, 106, 118, 450, 459, 477 
I Uredinea*. 382 
I Uredo spores, 383 
Urinary bladder, 451 
Ustilagme.'T', 389 
Ustilago aven^, 393 

— hordeiy 393 

— niida, 393 

— triticiy 392 
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Vaccine, 671, 673 

Vegetable crops, 353 

Vegetative propagation, 328 

— reproduction, 267, 406 

Veal, 532 

Vein, 444 

Veils, 439 

Ventilation, 675 

Ventwria ina-qualisy 379 

Vertebral column, 424, 433 

Vetches, 219, 310 

Vetch, species of, 183 

Vicia species, 183 

Virus diseases, 163, 403, 673, 677 

Vitality of seeds, 246 

spores, 358 

Vitamins, 462, 484, 496, 573 
Vitamin values, 468 


Warble-kly, 686, 705 
Wart disease, 365 
VV'asps, 701 

Water content of soil, 79 

— furrows, 94 

— glass, 605 

— grass [Agrostis)^ 255 
Water-logged soil, 348 
Water-logging, 92 

— meadows, 272, 554 

— table, 13, 91 

— requirements of crops, 23 
Weaning, 552 

Weed control, 132 

— destruction, 80 
Weeds, 244 

— effects on fruit, 334 
eradication of, 250 
introduction of, 248 

— of arable land, 257 

— — grassland, 254, 286 

— sour soil, 31, 248 

Weevils, 688, 696, 699 
Weights of seeds, 230 
Welsh black cattle, 517 

— mountain sheep, 560 
Wensleydalo sheep, 564 
West Highland cattle, 515 
Weston, Sir Richard, 168, 176 
Wheat, 141 

— baking qualit}^ of, 143 


Wheat breeding, 412, 419, 421 

— bulb fly, 193, 688, 705 

— chromosome numbers in, 421 

— harvesting of, 196 

— manuring of, 146 

— physiological characters of, 142 

— soils, 14 

— varieties of, 143 
Whey, 657 
White comb, 602 

— clover, 177 

— grubs, 697 

— rust, 358 

— scour, 680 
Whitethorn, 254 
White turnips, 169 
Wild oats, 153, 251 

— onion, 245, 653 

— white clover, 178, 291, 302, 306 
Wind breaks, 331 

Windrow, 318 
Winnower, 76 
Winter egg produotion, 581 

— inotli, 695 

— oats, 155 
proud wheat, 195 

— spraying, 689 
Wireworm, 151, 6H8, 695, 698 
Woodlouse, 682 

Wooden tongm*, 679 
Wood wasps, 700 
Wool, 638 
Woolly aphis, 693 
Worms. 77 

Wound parasites, 359, 395 
Wounds, 667 

Yellow globe mangold, 164 

— rust, 387 

— turnijis, 169 
Yield, barley, 204 

— beans, 208 

— oats, 206 

— of hay, 272 
- peas, 209 

— wheat, 1 97 
Yolk, 557, 640 
Yorkshire fog, 265, 268, 270 

Zoospores, 367, 370 
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